DOCUMENT RESUME 



SE 005 855 



ED 028 062 

By - Beck, Eugene Jerome 

A Comparison of Two Approaches to Teaching Selected “'ements of College Level Descriptive Geometry. 
Missouri Univ., Columbia. 

Pub Date 68 
Note-238p. 

EDRS Price MF S100 HCS1200 

Descriptors _ * College Mathematics* Comparative Analysis'* *Geometry» * Instruction* *Teaching Methods 

This study was designed to ascertain the relative effectiveness of two 
approaches for teaching descriptive geometry by a comparison of the following 
behavioral variables — Cl) performance in the solution of graphical problems. (2) 
spatial perception, (3) abstract reasoning ability, (4) technical information 
achievement, and (5) attitude toward descriptive geometry. The two teaching 
approaches employed were a directed problem analysis approach and a traditional 
approach. The design involved the pretesting of groups, application of treatments, 
and post-testing to ascertain the erfects of the treatments. The results of the study 
indicated that student behavioral changes and the retention of selected elements of 
descriptive geometry were not significantly affected by the instructional approach. 
(RP) 



sttts’tsf' 



4 

4 A COMPARISON OF TWO APPROACHES TO TEACHING 

to 

SELECTED ELEMENTS OF COLLEGE LEVEL 
DESCRIPTIVE GEOMETRY 



by 






Eugene Jerome Beck, M. S. 



t 



ft 



SUBMITTED IN PARTIAL FULFILLMENT OF THE 
REQUIREMENTS FOR THE DEGREE OF 
DOCTOR OF EDUCATION 

in the 

GRADUATE SCHOOL 



I 



of the 

UNIVERSITY OF MISSOURI 
1968 



W. R. Miller, Dissertation Supervisor 



U S. OEMITMEHT Of HEALTH. ENCADOH t WEUAIE 

oeeke Of mam 



THIS NCUMEIT HAS KEH KHOOUCfO EIACTIY AS IECEWED EION THE 
KISOH 01 0KA1ZATKM 0MMATM6 IT. HOMES Of VIEW 01 OTHHOHS 
STA1EI N HOT RCESSAMIT IENESEHT OfEKIAl Off ICE Of EOUCATKM 
MSmOHOtHOilCY. 



acknowledgments 



The writer wishes to express his sincere appreciation 
to the many persons whose professional interest and assist- 
ance have made this study possible. 

Special appreciation is extended to his major 
advisor. Dr. W. R. Miller, Associate Professor of Industrial 
Education, who gave generously of his time and counsel to 

provide guidance for the study. 

The writer is especially indebted to Dr. John L. 
Ferguson, Professor of Education, for the special assistance 
given in developing the research design for the study as 
well as serving as a member of the writer's graduate 
advisory committee. Appreciation is expressed to Dr. Bob G. 
Woods, Dean of the College of Education; Dr. H. H. London, 
Professor of Industrial Education; Dr. Loran G. Townsend, 
Professor of Education and Dean Emeritus of the College of 
Education; Dr. Neil C. Aslin, Professor of Education; and 
Dr. Howard W. Heding, Professor of Education, members of the 
writer's graduate advisory committee, for their suggestions 

and contributions to the study. 

Special appreciation is expressed to Professor 

Alfred S. Gaskell, Supervisor of Engineering Graphics, for 



permission to conduct the study; and to Mr. Raymond G. 
McClain, Instructor in Mechanical Engineering, who served 
as laboratory instructor for the experiment. 

The writer expresses gratitude to the students of 
the University of Missouri - Columbia who, without their 
knowledge or consent, served as subjects in this study. 

Special acknowledgment is extended to Dr. J. Frank 
Roberts, Associate Director of Admissions; Dr. Carl G. 
Willis, Counseling Psychologist, Testing and Counseling 
Service; Mr. Brooke B. Collison, Supervisor, Missouri 
Statewide Testing Service; and Mr. Howard R. Watts, Program 
Manager, Computer Research Center, for their cooperation 
and assistance in various aspects of the investigation. 

Finally, the writer expresses sincere appreciation 
to his wife, Janet, for her encouragement and assistance in 
compiling and typing materials while the study was being 
completed, and to his children, Gregory, Pamela, and 
Michelle for their patience and cooperation. 



TABLE OF CONTENTS 



CHAPTER 

I. ORIENTATION TO THE PROBLEM 

Statement of the Problem 

Purpose of the Study 

Definition of Terms 

Hypotheses 

Scope and Limitations of the Study 

Sources of Data and Method of Study • •• • • • 

Related Literature and Research 

Problem Solving 

Experiments in Descriptive Geometry • • • • 

Experiments in Drafting 

II. FEATURES AND ORGANIZATION OF THE EXPERIMENT '. . 

The Research Design 

Control Factors 

Differential Treatments . . . 

Nature of and Selection of the Population . . 

Schedule of Classes ..... 

The Nature of ME 10 Descriptive Geometry . . 

Selection of Assignments 

Physical Facilities 



PAGE 

1 

5 

6 
7 
9 

11 

13 

17 

18 
26 
32 
36 
36 

38 

39 

41 

42 

43 

44 



46 



CHAPTER PAGE 

Criteria for Comparison 47 

Summary 47 

III. PREPARING FOR AND CONDUCTING THE EXPERIMENT . . 50 

Initial Status of Students 50 

Selection of Tests 51 

Scholastic Aptitude 51 

Knowledge of Drawing Related to 

Descriptive Geometry 54 

Information Form 55 

Spatial Perception 56 

Abstract Reasoning 57 

Attitude Scale 

Administering and Scoring of Pretests .... 59 

Instruments Used to Measure Criterion 

Variables 62 

Graphic Problem Performance Test 62 

Informational Achievement Test 63 

Administering and Scoring the Tests 65 

Coordination of Instruction 67 

Laboratory Instruction Procedures 69 

Directed Problem Analysis 69 

Conventional Approach 71 

General Rules and Procedures 72 



vi 



CHAPTER 

Course Examinations and Quizzes 

Records Maintained 

Summary 

IV. MEASUREMENT AND ANALYSIS OF RESULTS . 

Initial Status of Students 

Analysis of Initial Status of Students . . . 
Results of Student Performance on 

Criterion Variables . * 

Graphic Problem Solving Ability 

Spatial Perception 

Abstract Reasoning Ability 

Informational Achievement 

Student Attitude Toward the Course . . . . 



PAGE 

73 

74 
74 
80 
80 
80 



81 

83 

85 

88 

91 

93 



Comparison and Analysis of the Retention 

of Students 

Graphic Problem Solving Ability . . . 
Informational Achievement 

Summary 

V. SUMMARY, CONCLUSIONS, IMPLICATIONS, AND 

PROBLEMS FOR FURTHER STUDY 

Stammary 

Conclusions 

Implications 



97 

97 

.100 

103 

107 

110 

119 

121 




vii 

CHAPTER PAGE 

Problems for Further Study 122 

SELECTED BIBLIOGRAPHY . 125 

APPENDIX A: Test for Knowledge of Drawing 

Related to Descriptive Geometry . . . 133 

Attitude Scales 149 

Attitude Scale Answer Sheet and 

Student Information Form . 151. 

Differential Aptitude Tests 152 

APPENDIX B: Graphic Problem Performance Tests, 

Forms A and 154 

Graphic Problem Performance Test 

Evaluative Criteria 170 

Informational Achievement Test 173 

Retention Test of Graphic Problem 

Performance, Forms A and B 132 

Graphic Problem Performance Retention 

Test Evaluative Criteria 190 

APPENDIX C: Course Outline 193 

Composite Outline by Period 197 

Laboratory Schedule 202 

Homework Assignment Sheet 207 

Description of Film Slides . 210 



viii 



CHAPTER 

APPENDIX D: Problem Analysis Form . . 

Typical Graphic Problem . 
Graphic Problem Analysis . 
Graphic Problem Solution . 



PAGE 

213 

214 

215 

216 



APPENDIX E: Composite Scores of Initial 

Status of Students 

Comparative Data for Criterion 
Variables 



218 

220 



Comparative Data for Measures 

of Retention 

Attendance Record ..... 
VITA . 



225 

227 

228 



LIST OF TABLES 




? 

tc 



i ■ 









l; 

I 



f 



TABLE 

I Laboratory and Lecture Time Schedule 

II Analysis of Initial Status of Students 

by Differential Treatment 

Ill Analysis of Posttest Graphic Problem 
Performance Scores by Differential 
Treatment 

IV Comparison of Pretest and Posttest 
Scores of Spatial Perception by 
Differential Treatment 

V Analysis of the Difference- Between 
Mean Gains in Spatial Perception by 
Differential Treatment • 

VI Comparison of Pretest and Posttest 
Scores of Abstract Reasoning by 
Differential Treatment . 



PAGE 

43 

82 

84 

86 

87 

89 



VII Analysis of the Difference Between 
Mean Gains in Abstract Reasoning by 
Differential Treatment 

VIII Analysis of Posttest Informational 
Achievement Scores by Differential 
Treatment 



j 

l 

* 



I* 



IX Comparison of Pretest and Posttest 

Scores of Attitude Toward Descriptive 
Geometry by Differential Treatment 

X Analysis of the Difference Between 
Mean Gains in Attitude Toward the 
Course by Differential Treatment 

XI Comparison of Posttest and Retention 
Test Scores of Graphic Problem 
Performance by Differential Treatment • • • • 



< 



I 



t oamm 



X 



TABLE 

XII Analysis of the Difference Between Mean 
Gains on the Retention Test of Graphic 
Problem Performance by Differential 
Treatment 

XIII Comparison of Posttest and Retention 

Test Scores of Informational Achievement 
by Differential Treatment 

XIV Analysis of the Difference Between Mean 
Gains on the Retention Test of Informa- 
tional Achievement by Differential 
Treatment .... 



PAGE 






100 






101 



102 



w 








CHAPTER I 



ORIENTATION TO THE PROBLEM 

With the accelerated rate at which technological, 
social, and educational changes are taking place, there is 
an increased emphasis being placed upon quality education 
and training. Increasingly, educators are being called 
upon to prepare individuals who possess the capabilities to 
compete successfully in today’s complex technological 
society. 

The vast explosion of knowledge in recent years has 
added a multitude of new courses to the school curriculum 
and caused the deletion or change of many others. As a 
result, a host of instructional problems have emerged. 
Prominent among these problems, and one which has been 
accorded sporadic consideration, is that of more effectively 
organizing educational experiences in an attempt to improve 
student ability to analyze and solve problems as well as to 
apply these problem solving techniques in practical 
situations . 

In the technical realm, instruction in the funda- 
mentals of descriptive geometry has been, and continues to 
be, a versatile tool which prospective engineers and 



technicians should learn to use effectively as an aid in 
the solution of a multiplicity of scientific and technical 
problems. 1 This science of graphic representation and 
solution of space problems is intended to assist the indi- 
vidual in analyzing and solving technical problems as well 
as improving his spatial perception. Educators involved in 
technical and engineering programs have long recognized the 
importance of analytical thinking and the visualization of 
spatial relationships as essential competencies possessed 
by the successful technical person. Persons who manage the 
industrial engineering functions in contemporary industry 
are exerting much pressure upon educators to provide tech- 
nically competent individuals who are able to communicate 

graphically and effectively analyze and solve problems of a 

2 

technical nature. 

Logically, teaching approaches should be grounded 
in sound principles of learning that have their founda- 
tions in the psychological laboratory and that have been 



1 E. G. Pare, R. 0. Loving, and I. 
tive Geometry (second edition; New York. 
Company, 1959), p. 2. 



L. Hill, Descrip - 
The Macmillan 



^Anthony Lord, "Education Stretchouts and Open 
Ends,” Engineering Graphics , 6:15, April, 19 . 
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experimentally investigated in the classroom. Carroll 3 
emphasizes a need for additional information concerning the 
improvement of instruction through «... the study of how 
empirical laws of learning can be applied in the classroom 
situation.” It is suggested that the problem lies in the 
organization of teaching procedures in such a way that full 
benefits of these laws of learning. can be realized. The 
problem analysis approach to the graphical solution of 
technical problems is one such teaching procedure whic 
needs to be extensively investigated in learning situations. 

Guilford 4 suggests a logical relationship between 
problem solving and learning when he says, "Changes in 
behavior . . . that come about through efforts to cope with 
problems, and that endure for any appreciable length of 

time, are in the category of learning." 

Numerous writers in the field of engineering graphics 

exhibit confidence in the analytical approach to solving 
problems in descriptive geometry. Hawk 5 contends that a 



3 John B. Carroll, "Neglected Areas in Educational 
Research," Phi Delta Kappas, 42:339-43, May, 1 

V P. Guilford, "Creative Thinking and Problem 
Solving," The Education Digest, 29:29-31, April, 

5 Minof Clyde Hawk, Theory and Problems of Descri p - 
tive Geometry (New York: Schaum Publishing Company, 1962), 

Preface . 



ERIC 
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thorough understanding of the fundamentals of graphical 
analysis in descriptive geometry is essential to the devel- 
opment of a student's potential for solving technical 

problems . 

Rowe and McFarland 6 suggest that drill in the 
analysis of problems is an important contributing factor 
in the development of an individual's ability to think in 
space. A similar viewpoint is reflected by Slaby when he 
suggests that descriptive geometry should be studied with 
the idea that everything must be visualized in three- 
dimensional space. Slaby declares, ". . -the student 
should try to develop this ability by analyzing and giving 
reasons for each step he takes in the solution of 
problems . 

How to best assist individuals in the development 
of skill in solving technical problems through an analysis 
approach constitutes a continuous source of concern for 
teachers of descriptive geometry. Moreover, research 
involving the effectiveness of teaching methods and 



^Charles E. Rowe and James D. McFarland ^Engineeri ng 
)escriptlve Geometry (third edition; New York: D. an 
ilostrand Company, Inc. } 1961) j P* v# 

7 Steve M. Slaby, Engineering D escripti ve G eometr y 
(New York: Barnes and Noble, Inc., 1963), p. v. 
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approaches in descriptive geometry is sorely lacking. 

\ Consequently, teaching approaches which attempt to develop 

problem analysis techniques need to be identified, compared, 
and evaluated in terms of their relative effectiveness. 

Statement of the Problem 

; 

A 

l 

Various approaches to the improvement of instruction 
f in drafting have been attempted by instructors and research- 

ers in the field. The use of teaching devices and 
approaches, such as models and mock-ups, overhead projec- 
tion transparencies, films, film slides, filmstrips, and 

i 

► programed materials are much in evidence in the modern 

l 

drafting classroom. 

I However, due to the abstract nature of the space 

| relationships of lines, points, planes, and surfaces 

encountered in descriptive geometry, the challenge of 
f obtaining maximum learning efficiency from classroom and 

laboratory procedures continues to confront the profession. 

i 

l The task of ascertaining the more effective means of 

^ assisting students in the development of their ability to 

j analyze and solve problems of a technical nature consti- 

tutes a problem of paramount importance to teachers of 

descriptive geometry. 

Well-known writers in the field advocate the 



extensive use of problem analysis techniques as excellent 
modes of instruction. However, there is currently a lack 
of adequate experimental evidence regarding the effective 
ness of problem analysis techniques which clearly substan 
tiate or refute these points of view. 



Purpose of the Study 



The purpose of this study was to ascertain whether 
or not students who had received instruction in descriptive 
geometry by a directed problem analysis approach were able 
to attain significantly greater levels of competence than 
students who had received instruction by a more conven- 
tional approach. A more complete description of these 



approaches is provided in Chapter III. 

More specifically, the study sought answers to the 



following 



1 . 



2 . 



questions: 

Do the instructional, approaches significantly 
affect student performance in the solution o 
graphical problems in descriptive geometry. 

Do the instructional approaches significantly 
affect student ability to visualize spatial 
relationships ? 



3. Do the instructional approaches significantly 
affect student ability to reason abstractly. 

4. Do the instructional approaches significantly 
affect student achievement relative to tech- 
nical information in descriptive geometry. 

Do the instructional approaches significantly 
affect student attitude toward the course. 



5 . 
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Definition of Terms 

Descriptive geometry is a graphical method of 

solving space or solid analytic geometry problems relating 

to points, lines, planes, surfaces, intersections, and 

8 

developed surfaces . 

Engineering graphics is the combination of those 

arts and sciences of drawing applicable to the solution of 

9 

engineering problems. 

Graphic problems , as used in this study, refers to 
graphic performance tasks (primarily accurate drawings) to 
be completed by students in the drafting laboratory. These 
tasks provide opportunity for the application of fundamental 
principles and concepts of descriptive geometry in addition 
to logical reasoning as presented in class lectures, text- 
books, and supplementary reference materials. 

Spatial perception refers to the capacity to visual- . 
ize the relationship of lines, points, planes, and objects 
to one another as they occupy positions in space. 

^Steve M. Slaby, Fundamental s of Three -D imens i onal 
Descriptive Geometry (New York: Har court. Brace and World, 
Inc., 1966), p. vii. 

^James S. Rising and Maurice W. Almfeldt, Engineer- 
ing Graphics (third edition; Dubuque, Iowa: William C. 

Brown Book Company, 1964), p. 1. 
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Abstract reasoning refers to the act or process of 
arriving at conclusions through the use of symbols or 
generalizations rather than concrete data, as in dealing 
with geometric lines and shapes. ^ 

Technical information refers to information in the 
area of descriptive geometry principles, techniques and 
terminology. This variable is commonly measured by means 
of objective-type examinations. 

Attitude refers to student empathy or reaction to 
this course as revealed by responses on an attitude scale. 

Directed problem analysis (Approach A) refers to a 
form of laboratory procedure whereby the student is required 
to identify, separate, and order, in written form, the con- 
stituent elements or factors inherent in the problem under 
consideration prior to attempting an accurate solution. 
Complete or partial illustrative sketches of tentative 
solutions may be used by the student to supplement this 
procedure. In this approach, the student will progress 
from group lecture to a written analysis of each problem 
which is applied to a final accurate drawing representing 
a solution to the assigned problems. 

^Carter V. Good (ed.). Dictionary of Education (New 
York: McGraw-Hill Book Company, Inc., 1959), p. 447. 
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Conventional approach (Approach B) refers to a form 
of laboratory procedure whereby the student attempts an 
accurate solution to the problem under consideration with- 
out the aid of a preliminary, structured, written or 
graphical analysis of the problem. In this approach, the 
student progresses from group lecture directly to an 
attempted final and accurate graphical solution of assigned 

problems . 

On the basis of communication with instructors of 
descriptive geometry and a review of pertinent literature, 
it is assumed that this is one of the most frequently 

applied instructional approaches.. 

Retention is defined as the degree to which students 

are able to analyze and provide graphical solutions for 
problems relating to the spatial relationship of lines, 
points, and planes as well as their capacity to respond to 
items involving related technical information three weeks 
after treatment. . 

Hypotheses 

The research hypotheses under consideration in this 
study were: (1) that selected elements of descriptive 
geometry could be taught more effectively, in terms of 
student behavioral changes, by the directed problem analysis 



ERIC 
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approach, and (2) that the retention of selected elements 
of descriptive geometry would be superior for students 
experiencing the directed problem analysis approach than 
for those experiencing a traditional approach. 

The first research hypothesis was tested by accept- 
ing or rejecting the following null hypotheses: 

Ho-. : No significant difference exists between 

the graphic problem solving ability of 
students who experience the directed problem 
analysis approach and the graphic problem 
solving ability of students who experience 
the conventional approach. 

Ho 0 : No significant difference exists between 

2 the spatial perception of students who. 
experience the directed problem analysis 
approach and the spatial perception of 
students who experience the conventional 
approach. 

Ho« : No significant difference exists between 

3 the abstract reasoning ability of students 
who experience the directed problem analy- 
sis approach and the abstract reasoning 
ability of students who experience the 
conventional approach. 

Hoy.: No significant difference exists between 

4 the informational achievement of students 
who experience the directed problem analy- 
sis approach and the informational achieve 
ment of students who experience the 
conventional approach. 

Ho : No significant difference exists between 

5 the attitude toward the course of students^ 
who experience the directed problem analysis 
approach and the attitude toward the course 
of students who experience the conventional 



The second research hypothesis was tested by accept- 
ing or rejecting the following null hypotheses: 



Ho 



6 * 



No significant difference exists between 
the retention, in terms of graphic problem 
solving ability, of students who experience 
the directed problem analysis approach and 
the retention of students who experience 
the conventional approach as measured three 
weeks after treatment. 



Ho ? : No significant difference exists between 

' the retention of cognitive content of 
students who experience the directed 
problem analysis approach and the reten- 
tion of students who experience the 
conventional approach as measured three 
weeks after treatment. 



Scope and Limitations of the Study 



This study was an attempt to ascertain the relative 
effectiveness of* two approaches to teaching selected ele- 
ments of descriptive geometry. The following variables 
were the basis upon which criterion measures of effective- 
ness were developed: (l) student competency in solving 

graphic problems, (2) student ability to visualize spatial 
relationships, (3) student ability to reason abstractly, 

(4) student informational achievement, and (5) student 
attitude toward the course, In a further attempt to assess 
effectiveness, measures of retention related to student 
competency in providing graphical solutions to problems 
relating to the spatial relationship of lines, points, and 
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planes and informational achievement, were secured for 
students experiencing the two different instructional 
approaches. Measures of relative effectiveness of each 
approach, in terms of retention, were secured three weeks 
after the experimental period. The effectiveness of tests, 
lectures, and class discussion in which students partici- 
pated was assumed to be equal for each. of the classes 

involved in the investigation. 

The study was limited to fifty-two students enrolled 

in two sections of ME 10 Descriptive Geometry, a course in 
the Department of Mechanical Engineering in the College of 
Engineering located on the campus of the University of 
Missouri - Columbia. The persons involved in the experi- 
ment were engineering students majoring in one of the 
several engineering departments of the College of 
Engineering. 

All students were enrolled during the fall semester 
of the 1967-1968 school year. The length of the experi- 

mental period was eight weeks. 

The ability to generalize the findings of the study 

was limited to the extent that students in both sections 
were comparable and representative of students enrolled in 
college level courses in descriptive geometry at the 
University of Missouri or other institutions of higher 
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education. The study was further limited by the two 
instructional approaches chosen by the researcher and the 
selected content elements of descriptive geometry which 
were presented during the experiment. 

Since the study involved several tests, it was 
limited to the extent that all students understood the test 
items and performed to the best of their ability. The 
validity and reliability of the measuring devices employed 
in the study were also limiting factors. 

Finally, the study was limited to the extent that 
all independent variables were controlled or held constant 
for the groups exposed to each of the two instructional 
approaches • 

Sources of Data and Method of Study 

The study was conducted as a controlled experiment 
involving two groups of students enrolled in ME 10 Descrip* 
tive Geometry in the Department of Mechanical Engineering, 
University of Missouri - Columbia. 

The population studied consisted of students who 
were enrolled in two sections of ME 10 Descriptive Geometry 
during the fall semester of the 1967-1968 school year. The 
researcher acted in a coordinating capacity during the 
course of the investigation, but was not directly involved 



1A 



in teaching either of the two treatment groups. Students 
registered for the course and were assigned to the sections 
according to the availability of space. The two instruc- 
tional approaches to teaching descriptive geometry were 
randomly assigned to the sections. Both sections were 
accepted as assigned, and the researcher planned to statis- 
tically control any significant differences in initial 
status which might have existed through the analysis of 
covariance. However, since the groups were found to be 
equivalent initially, the covariance adjustment was not 

employed . 

In experimental studies, it is necessary to ascer- 
tain the initial status of all groups for the variables to 
be controlled, thus allowing for the comparison of results. 
The factors which seemed most likely to affect the results 
of this study and which could be statistically controlled 
with some degree of success were: (1) scholastic aptitude, 

and (2) knowledge of drawing related to descriptive 

geometry. 

Student scores on the Cooperative School and Colleg e 
Ability Test were used as the measure of scholastic apti- 
tude. These scores were obtained from the records of the 
Testing and Counseling Service at the University of 



Missouri - Columbia. 



The student T s knowledge of drawing related to 
descriptive geometry was measured by administering Blum T s 
Comprehensive General Drafting Examination 11 as a pretest. 
Other selected factors relative to age and number of 
semesters of college work completed by each student were 
analyzed to ascertain whether or not the two groups differed 
significantly. Additional pretests were administered for 
spatial relationships, abstract reasoning, and student 
attitude toward the course to aid in ascertaining the 
effect of the experimental treatment on these criterion 

variables . 

The data were analyzed by using the t-test of 
uncorrelated means to ascertain whether or not significant 
differences existed initially between the two groups with 
regard to the above control and criterion variables. 

An experienced instructor of descriptive geometry 
taught both sections and all students used the same text- 
book, 1 ^ course outline, 1 ^ schedules of assignments. 



11 See Appendix A. 

l2 Frank M. Warner and Mathew McNeary, Applied 
Descriptive Geometry (fifth edition; New York: McGraw 
Hill Book Company, Inc., 1959). 

13 . 

A See Appendix C. 

^See Appendix C. 



reading and graphic problem assignments, and covered the 

same instructional content. 

Both sections met twice each week for sixteen weeks 

in one hundred and ten minute laboratory sessions with one 
additional fifty minute period per week devoted to group 
lecture. The experimental period for this study was limited 
to the first eight weeks of the 1967-1968 fall semester. 

One unit examination and several quizzes were 
administered to each section as a part of the regular 
instructional program and records were kept on all testing. 
Records of scores on required laboratory assignments were 

also maintained. 

A graphic problem performance test,^^ the space 
relations and abstract reasoning sections of the Differ - 
ent"M1 Aptitude Tests , Form L, 16 a technical information 
test, 17 and Remmers' Scale for Measuring Attitud e Toward 
Any School Subject , 18 were used to provide data for testing 
the first research hypothesis for the study. 

19 u 

A graphic problem performance test which was 
similar, but not identical, to the posttest of performance 

^See Appendix B. 
l^See Appendix B, 
l^See Appendix B. 



^See Appendix A. 
l^See Appendix A. 
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and the same test which was used as the posttest of infor- 
mational achievement provided data for testing the second 
research hypothesis for the study. More information 
relative to the aforementioned tests is provided in 
Chapter III. 

Appropriate variations of the t-test were employed 
in the analysis of the data. The five per cent level of 
confidence was used to ascertain whether or not the observed 
differences would be greater than those expected by chance 
alone . 

Related Literature and Research 

Numerous studies have been made in an attempt to 
assess the effectiveness of methods of teaching various 
subjects; however, relatively few have been directly con- 
cerned with descriptive geometry . Although there were no 
investigations that closely paralleled this study with 
which the researcher could compare his design, there were 
several articles and studies with sufficient relationship 
to the content and/or method of this study to be reported 
herein. The literature and research reported in this 
section are related to the following aspects of the study: 
(1) problem solving, (2) experiments in descriptive 
geometry, and (3) experiments in drafting. 
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Problem Solving . Due to the acceleration of scien- ^ 

tific and technical knowledge, increased emphasis is being 

placed upon the means of acquiring knowledge rather than 

subject matter per se. Denton, writing in The High Scho ol 

Journal , suggested that the problem solving approach to 

learning and teaching could fulfill educations need for a 

theory because TT . . .it places reliance upon individual 

judgement, encourages a scientific approach to problems, 

enhances creativity and, in short, helps to produce self- 

20 

reliant individuals.” 

21 

In a demonstration conducted by Elmore and others, 
both teachers and students emphasized the superiority of 
the problem solving approach in contrast to the text-and- 
lecture approach to the teaching of science. 

A study conducted by Kell 22 at Indiana University 
attempted to test the null hypothesis that there was no 



^William H. Denton, "Problem-Solving as a Theory of 
Learning and Teaching,” The High School Journ al, 49:389, 
May, 1966. 

21 Clair W. Elmore, Oreon Keeslar, and Clyde E. 
Parrish, ”Why Not Try the Problem Solving Approach?” The 
Science Teacher , 28:37, December, 1961. 

22 Gloria E. Keil, "Writing and Solving Original 
Problems as a Means of Improving Verbal Arithmetic Problem 
Solving Ability,” (unpublished Doctor f s dissertation. 
University of Indiana, Bloomington, 1964). 
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significant difference in problem solving ability between 
children who wrote and solved their own arithmetic problems 
and children who solved textbook problems. Data were 
obtained from test results of a population consisting of 
226 sixth-grade pupils of eight schools in a large suburban 
community of a midwestern state. 

Analysis of covariance was the statistical technique 
used. Final achievement in arithmetic was the criterion 
variable while intelligence quotient and initial achieve- 
ment were the control variables. 

From the findings the experimenter concluded that 
pupils who wrote and solved problems of their own were 
superior in arithmetic problem solving ability to those 
pupils who had the usual textbook experiences in mathe- 
matical problem solving. 

The extent to which the way in which one learns a 

generalization affects the probability of his recognizing a 

chance to apply it, was the subject of a study in the field 

23 

of mathematics by Hendrix. 

The study employed three methods of instruction: 

(1) the "tell-and-do" method with the generalization stated 

23 

Gertrude Hendrix, "A New Clue to Transfer of 
Training," The Elementary School Journal, 48:198, Septem- 
ber, 1947. 



first then illustrated and then applied to new problems; 

(2) the ff unverbalized awareness” method in which the 
students were asked to find the sum of the first two odd 
numbers, the sum of the first three odd numbers, etc., and 

(3) the ff conscious generalization” method which proceded as 
the second, except that the students were asked to state 

the rule they had discovered. 

From the findings Hendrix concluded that: 

1. For generalization of transfer power the 
”unverbalized awareness” method of learn - 
ing a generalization was better than a 
method in which an authoritative statement 
of the generalization comes first. 

2. Verbalizing a generalization immediately 
after discovery does not increase transfer 
power . 

3. Verbalizing a generalization immediately 
after discovery may actually decrease 
transfer power . 24 

25 

In contrast, Maltzman, Eisman, and Brooks found no 
differences when three variations of test reading, illus- 
tration demonstrations, and problem solving demonstration 
preceded the solving of a problem from physics. 



24 Ibid. 



25 Irving Maltzman, Eugene Eisman, and Lloyd 0. 
Brooks, ”Some Relationships Between Methods of Instruction, 
Personality Variables, and Problem Solving Behavior,” The 
Journal of Educational Psychology , 47:71-78, February, 1956. 



Scandura 26 found that information given indirectly 



acts as a catalyst. Instances of the desired concepts were 
presented and attention was directed so that the learner 
could abstract for himself. Evidence indicated that when 



was of little value. Also, a presentation made too early 
was found to actually inhibit later discovery. 

Haselrud and Meyers 27 have found that individually 
discovered principles were better retained and led to more 
transfer than was the case when subjects were told the 
principles in a direct manner. 

28 • 29 

On the other hand, the findings of Craig, Kittel, 
and Corman 30 dispute the results of the above studies. With 



26 Joseph M. Scandura, "An Analysis of Exposition and 
Discovery Modes of Problem Solving Instruction," The Journal 
of Experimental Education , 33:155, Winter, 1964. 

27 G. M. Haselrud and S. Meyers, "The Transfer Value 
of Given and Individually Derived Principles," The Journal 
of Educational Psychology , 49:293-98, December, 1958. 

28 R# C. Craig, "Directed Versus Independent Discov- 
ery of Established Relations," The Journal cf Educational 
Psychology , 47:223-34, April, 1956. 

29 Jack E. Kittell, "An Experimental Study of the 
Effect of External Direction During Learning on Transfer 
and Retention of Principles," The Journal of Educational 
Psychology , 48:391-405, November, 1957. 

30 Bernard R. Corman, "Learning: Problem Solving and 
Related Topics," Review of Educat i onal Research, 28.459-64, 
December, 1958. 



prerequisite learning was inadequate, indirect information 
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minor differences, in each of these investigations some 
outside direction proved more effective than no direction, 
despite earlier evidence that the efficacy of search 
behavior was increased with lesser amounts of information 

as guidance • 

A series of studies were conducted at the University 
of Illinois which tested the relative influence of direct- 
detailed and directed discovery methods of teaching infor- 
mation and skill. One study in this series was conducted 
by Ray, 31 who utilized a population composed of 117 ninth 
grade junior high school boys who had been divided into 
three intelligence groups. The direct-detailed method 
involved continuous, positive presentation of all informa- 
tion, while the directed discovery method provided direct 
positive instructions for only that content considered to 
be basic. The remaining material was learned through 
carefully structured leading questions and hints to 
facilitate discovery. 

The task upon which the subjects were tested involved 
instruction regarding the names and functions of the parts 



31 Willis Eugene Ray, "An Experimental Comparison of 
Direct and Detailed and Directed Discovery Methods of 
leaching Micrometer Principles and Skills" (unpublish d 
Doctor's dissertation, University of Illinois, Urbana, 

1957). 
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of the vernier micrometer, facts about the instrument, 
principles involved in reading the tool and manipulation 
and reading of the tool for actual measurement. An initial 
learning test was administered immediately following the 
treatment with retention and transfer being tested at one 
and again at six weeks. The analysis of variance technique 
was used to test the hypotheses. 

Among the findings of the study were the following: 
(1) there was no significant difference in initial learn- 
ing; (2) there was no significant difference in retention 
after one week; (3) there was a significantly greater 
retention after six weeks by the directed discovery 
treatment; and (4) there was no apparent interaction 
between teaching method and levei of intelligence. 

32 

A similar experiment was conducted by Rowlett to 
ascertain the relative effectiveness of the direct-detailed 
and the directed discovery methods of teaching selected 
principles of orthographic projection. 

The directed discovery method involved the use of 
leading questions and hints while the direct-detailed 

^John D. Rowlett, ft An Experimental Comparison of 
Direct-Detailed and Directed-Discovery Methods of Teaching 
Orthographic Projection Principles and Skills” (unpublished . 
Doctor T s dissertation, University of Illinois, Urbana, 

1960). 






24 



procedure involved the imparting of highly specific 
instructions. A treatment by levels and by sex design was 
used in the experiment. Direct-detailed and directed 
discovery methods and a single control comprised the three 
treatments. High, average, and low ability groups cons ti- 
tuted the three levels. 

On the basis of his findings, Rowlett formulated the 
following conclusions i 

1. No significant difference between direct- 
detailed and directed discovery methods in 
regard to initial learning. 

2. The directed discovery method was superior 
to the direct -detailed method with regard 
to retention after twelve days. 

* 

3. The directed discovery method was superior 
to the direct-detailed method in terms of 
retention as measured six weeks after 
treatment . 

4. No apparent interaction between teaching 
methods and ability levels. 

Moss^ conducted an investigation involving the 
discovery method of teaching which provided continuous and 



33 



Ibid 



96. 



34 Jerome Moss, "The Relative Effectiveness of the 
Direct-Detailed and the Directed Discovery Methods of 
Teaching Letterpress Imposition," The Journa l of Educa 
tional Research . 58:50-55, October, 1964. 



25 



comparative data to the findings of Ray, 35 Rowlett, 36 and a 

37 

similar study by Grote. 

In comparing these studies and his own. Moss indi- 
cated that the many common elements possessed by the studies 
were apparently insufficient to overcome the differences 
among them. In addition to obvious population variations, 
the equivalency of the treatments, the organization of 
content, the level of difficulty of the learning task, and 
the nature and degree of the requirements of the criterion 

tests were all subject to question. 

Moss identified two important findings on which 
these studies agreed: (1) the directed discovery methods 

proved to be at least as effective in instructing the low 
ability groups as the direct-detailed; and (2) some amount 
of increase in test scores was found for the control group 
between the initial test and the following retention test. 

Petty, in an article concerning the teaching of 

^Ray, loc . cit. ^Rowlett, loc. cit. 

3 7 c . Nelson Grote, "A Comparison of the. Relative 
Effectiveness of Direct-Detailed and Directed Discovery 
Methods of Teaching Selected Principles of Mechanics in the 
Area of Physics," The Journal of Educational Research, 
58:50-55, October, 1964. 

38oian Petty, "Requiring Proof of Understanding," 

The Arithmetic Teacher, 2:121, November, 1955. 
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mathematics, maintains that the demonstration method of 
teaching arithmetic fails in many instances to help the 
child to see the reasons for various operations and to 
appreciate different arithmetical relationships while the 
discovery approach places much emphasis on meaning and 
understanding. 

Petty listed several advantages of showing proof in 



arithmetic: . 

1. Students are not rushed through processes 
so hastily that no real understanding is 
fostered. 

2. The use of concrete and semi-concrete 
procedures in deriving answers makes for 
better understanding. 

3. The "proof method" is an excellent means 
of correcting initial errors. 

4. The child’s understanding of a problem or 
process may be readily checked by requir- 
ing proof of his answer by using a diagram 

or drawing. 

5. The requirement of proof shows the advantage 
of shorter and more abstract methods of 
working problems . 39 



Experiments in Descriptive Geometry , a limited 
number of studies in descriptive geometry were located 
which related to various aspects of this investigation. 



39 



Ibid ., p. 123. 
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\ An early investigation conducted by Rugg was con- 

cerned extensively and exclusively with descriptive geometry 

i 

and its effect upon spatial perception. Rugg f s findings 

§ a * - 

r indicated that the training in mental manipulation of 

geometrical character received by students in descriptive 
E geometry operated ff . . . so as to substantially increase 

| the students 1 ability in solving manipulative problems of 

£ 

•> a geometrical nature, but were entirely unrelated to the 

l 40 

content of descriptive geometry." 

* 

\ Sedgwick^ reported on the results of a study which 

42 

f agree in part with the findings of Rugg. The study, 

% conducted at Southern Illinois University in 1961, was 

designed to ascertain whether or not a course in descrip- 
tive geometry would modify a student’s spatial perception. 

i 

Two groups of subjects were selected and studied for 
L one semester. The experimental group consisted of students 

| enrolled in descriptive geometry classes who had not had a 

; * 

^Harold 0. Rugg, Experimental Determination of 
Mental Discipline in School Studies : Descriptive Geometry 
and Mental Discipline (Baltimore: Warwick and York, 1916), 
> pp. 97-98. 

^Lorry K. Sedgwick, "Descriptive Geometry: Effect 
on Spatial Perception, " The Industrial Arts Teacher, 
22:15-17, November, 1962. 

^Rugg, loc . cit. 



* 



previous course in descriptive geometry. The control group 
consisted of students who were not taking and had not taken 
a descriptive geometry course, and who were not taking any 



other drafting courses. 

Thirty-six matched pairs of students evolved from 
the administration of the Space Relations Section of the . 
Differential Aptitude Tests (DAT) Form A at the start of 
the semester. This provided two groups equal in means, 
variance, range and scores. At the end of the experimental 
period, the Form B of the same test was administered. 

Sedgwick reported: (1) there was no valid support 

for the claim that instruction in descriptive geometry 
would improve the student’s spatial perception; and (2) 
change and improvement in spatial perception could be 
affected more by maturation and general environmental 
experience rather than any specific experience. 

Earle 43 conducted a study to ascertain which of four 
methods of presenting descriptive geometry problems required 
the least comprehension time. The methods employed were 
(1) the conventional method-the method most commonly used 



43jan.es H. Earle, "An Experimental Comparison of 
Self-Instruction Formats for Descriptive Geometry 

"Sox'. «,»«.«». I«» *!«“«»*! -* 

Mechanical University, College Station, 1964). 
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by textbooks; (2) a method whereby the problem was presented 
in sequential steps with the necessary text directly under 
each illustration; (3) the same format as used in the pre- 
ceding method with the only difference being that each suc- 
ceeding step was printed in red to more clearly distinguish 
it from the preceding steps; and (4) the lecture method. 

The lecture method was found to be statistically 
superior to the conventional method, but inferior to the 
step method and the step method in color • It was concluded 
that the step method in color requires less student compre- 
hension time than the step method and the lecture method; 
and that the step method requires less time than the 
conventional method. The step methods were recommended 
as possible formats for programed materials in descriptive 
geometry. 

Chance^ studied the relative effectiveness of a 
transparency-overhead projection approach and the chalk- 
board lecture-demonstration approach to teaching college 
level descriptive geometry. It was concluded that the 
transparency-overhead projection approach provided for 
maximum student learning in descriptive geometry • 

^Clayton W. Chance, Tf Teaching Engineering Graphics 
With Colored Transparencies — An Evaluation," The J ournal of 
E ngineering Graphics , 26:10-16, May, 1962. 



A research project planned to evaluate the educa- 
tional significance of an automated teaching device used to 
supplement instruction in descriptive geometry was directed 
by Brown^ 5 at The Ohio State University in 1963. 

In this experiment, the control group received the 
traditional lecture-laboratory method of instruction while 
the experimental group experienced all new material with 
the aid of an automated teaching device. The automated 
teaching machine used in the study was a portable automatic 
sound slide film viewer complete with film strips and 
magnetic tapes. A convenience method of student selection 
was used in this experiment. Approximately one-hundred 
students assembled on the first day of the quarter at their 
assigned class time. From this group, students were divided 
into separate class sections and assigned to instructors. 
The size of each section was dependent upon the availability 
of staff and room capacity. This method of student selec- 
tion provided a total population of forty— three students 
for the experiment. 

On the basis of the findings of the study, the 

^William E. Brown, "A Research Project Designed to 
Evaluate the Use of an Automated Teaching Device in the 
Instruction of Engineering Graphics” (unpublished Doctor T s 
dissertation. The Ohio State University, Columbus, 1964). 
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following conclusions were given : 

1. The experimental method, which used the auto- 
mated teaching machine, was superior to the 
traditional lecture-laboratory method for 
teaching descriptive geometry. 

2. Individual progress and individual grades on 
laboratory problem exercises were improved 
in the experimental group over the group who 
had the traditional method. 

3. The time factor was an important element for 
both student and instructor. The increase 
in available time in the experimental group 
provided the student with more laboratory 
time for completion of problem exercises and 
time to review the descriptive geometry prin- 
ciples by using the automated teaching machine. 
For the instructor, the available time pro- 
vided more opportunities for individual 
student help and time to evaluate student 
problem exercises. 46 

An investigation by Amthor 47 compared the effective- 
ness of two selected methods of filmstrip instruction and 
the lecture -demonstration method in a descriptive geometry 
learning situation. The study consisted of two experiments 
conducted concurrently at Texas A and M University and at 
Stout State University during the fall semester, of 1966. 
Both silent and sound filmstrips were used in the study. 



46 Ibid., p. 54. 

47 William D. Amthor, "An Experimental Comparison of 
Three Methods for Presenting Selected Concepts of Descrip- 
tive Geometry" (unpublished Doctor *s dissertation, Texas 
Agricultural and Mechanical University, College Station, 
1967). 
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The following conclusions were stated: 

1. The silent filmstrip and lecture -demonstrati on 
methods were equally effective in regard to 
initial learning of descriptive geometry 
principles . 

2. The sound filmstrip and lecture-demonstration 
[methods! were equally effective in regard 

to the initial learning of descriptive geometry 
principles. 

3. The silent filmstrip and sound filmstrip 
methods were equally effective in regard to 
the initial learning of descriptive geometry 
principles . 

4. With reference to specific ability levels, 
the silent filmstrip, sound filmstrip, and 
lecture-demonstration methods were equally 
effective in regard to the initial learning 
of descriptive geometry. 48 



Experiments in Drafting . Numerous studies were 
reviewed which showed some relationship to the instruc- 
tional approaches used in this experiment. Some of the 

studies are reported here. 

Schanbacher^ conducted an experimental investi- 
gation in 1961 to ascertain the relative effectiveness 
of teaching orthographic projection and pictorial 



48 Ibid., p. 72. 

49 Eugene M. Schanbacher, "Identification and Analysis 
of Elements Versus the Conventional Approach in Teaching 
Drafting" (unpublished Doctor’s dissertation, University ot 

Missouri, Columbia, 1961). 
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representation by identifying surfaces, edges, and points 
in views with numbers and letters and analyzing their 
relationships. The investigation involved an experimental 
group of high school students who were taught drafting by 
the identification and analysis approach and a control 
group that was taught in the conventional manner. 

The following conclusions were stated '• 

1. The teaching of drafting by the identifi- 
cation and analysis approach was more 
effective than the conventional method 
with respect to the number of correctly 
and accurately solved sketching problems. 

2. The two approaches to the teaching of 
drafting were equally effective with 
respect to informational achievement, 
quality and quantity of drawing, ability 
of students to visualize, student atti- 
tude, and ability to solve sketching 
problems . ^ 

Norman‘S conducted an experimental study to ascer- 
tain the relative effectiveness of employing freehand 
drawing techniques prior to using instruments in teaching 
the fundamentals of engineering drawing. It was concluded 
that the freehand method of instruction not only resulted 



I ^Ibid. , p» 79. 

* 

% 

l ^Ralph P. Norman, "An Experimental Investigation to 

\ Determine the Relative Effectiveness of Two Different Types 

j of Teaching Methods in Engineering Drawing" (unpublished 

\ Doctor T s dissertation, University of Minnesota, Minneapolis, 

\ 1955). 




in superior learning during the freehand drawing period but 

that this superiority persisted throughout the experiment. 

52 

Film slides were found by Wilkes to be more effec- 
tive in terms of student behavioral changes in engineering 
drawing. The film slide method was compared with the 
lecture-demonstration a ^proach to teaching drawing. 

In 1950, Richards 53 studied the effect on achieve- 
ment in engineering drawing when emphasis was placed on. the 
time element in instruction. Application of the experi- 
mental factor, as used in this study, appeared to have no 
appreciable effect upon drawing skill. Students drawing 
under pressure of time appeared to have a more favorable 
attitude toward the subject than those students not working 
under this pressure. In addition, it was found that 
instruction factors, such as ease of teaching, class disci- 
pline, and pleasant relations with students appeared to be 
more easily obtained by the instructor when his students 
were required to draw under pressure of time. 

^Doran F. Wilkes, "A Comparison of Two Approaches 
to the Teaching of Engineering Drawing: Film Slides Versus 
the Conventional Approach TT (unpublished Doctor ! s disserta- 
tion* University of Missouri, Columbia, 1966). 

« 

^Maurice F. Richards, "Effect of Emphasizing Time 
in the Teaching of Engineering Drawing” (unpublished 
Doctor T s dissertation, University of Missouri, Columbia, 
1950). 



Beck^ conducted an investigation which bears a 
relationship to the study under consideration inasmuch as 
similar experimental research designs were employed. The 
study was designed to ascertain whether or not sex differ- 
ences were significant factors in the achievement level of 
college men and women enrolled in engineering drawing. 

The design of the study was quasi -experimental in 

nature with the analysis of covariance technique used as a 
method of statistical control. The t-test and the analysis 

of covariance were the statistical techniques employed in 

the analysis of the data. 

The criterion variables used in the study for 
purposes of comparison were: (1) technical information 

achievement, (2) manipulative skill development, (3) per- 
formance time, (4) visualization of spatial relationships, 

and (5) attitude toward engineering drawing. 

On the basis of the results of the study, the 

following general conclusion was noted: 

Given time in which to overcome the manipula- 
tive skill deficiency, women would be able to 
achieve a level of performance in engineering 
drawing comparable to that of men. 55 



5 ^Burrel H. Beck, "A Comparison of the Achievement 
Level of College Men and Women Enrolled in Engineering 
Drawing tf (unpublished Doctor T s dissertation, University of 
Missouri, Columbia, 1967). 

55 



Ibid., p. 126. 



CHAPTER II 



FEATURES AND ORGANIZATION OF THE EXPERIMENT 

In Chapter I the problem, purpose, scope and limita- 
tions of the study were discussed. Basic terms were 
defined, hypotheses were developed, and related literature 
was reviewed. This chapter describes the important 
features and the organizational framework of the research 

study. 

The Research Design 

This investigation was experimental in nature in 
that the researcher had some degree of control over the 
variables involved and the conditions under which the 
variables were observed.^ Variables other than the experi- 
mental variable are typically controlled by: (1) physical 

manipulation, (2) selective manipulation (for example: a 

researcher may endeavor to hold conditions constant for the 

.2 

treatment groups), and (3) statistical manipulation. 

^Csrtsr V. Good and Douglas E. Scates, Methods of 
Research (New York: Appleton-Century-Crofts, Inc., 1954), 
p. 689. 

2 Deobold B. Van Dalen, Understanding Educational. 
Research (New York: McGraw-Hill Book Company, 1966), p. 246, 
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Through the design of the study and selected pretests an 
attempt was made to control all variables except the effect 
which the experimental treatment (directed problem analysis) 
and the conventional treatment had upon selected criterion 

variables. 

The treatment groups for this investigation consisted 
of students who were enrolled in two sections of ME 10 
Descriptive Geometry scheduled during the. fall semester, 
1967-1968. Appropriate variations of the t-test were the 
statistical measures used to ascertain the relative effec- 
tiveness of the two approaches. The procedure followed was 
to vary the laboratory approach between the two groups 
enrolled in ME 10 Descriptive Geometry. 

The design was quasi -experimental in that the 
researcher lacked ”. . .the full control over the schedul- 
ing of experimental stimuli which makes a true experiment 
possible.” 3 A design of this type permits the use of 
classes as they are normally scheduled. Pretests and 
certain features of the research design were employed by 
the researcher in an attempt to control for initial group 
differences. This design may be graphically depicted in 



3 N. L. Gage (ed.). Handbook of Research on Teaching, 
American Education Research Association (Chicago: Band 
McNally and Company, 2963), p. 204. 
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the following manner using the symbolism illustrated in the 

4 

Handbook of Research on Teaching: 

OXjO o 3 

0X2 0 ^ 

The pretest and posttest observations for the groups exper- 
iencing laboratory Approaches A and B are represented by 
the symbol 0. The symbols ^ and X 2 indicate the treatments 
experienced by the two groups; measures of retention for 
the groups experiencing laboratory Approaches A and B are 
represented ly the symbols 0 3 and 0^. 
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conceivably affect the results. Elements which were held 
common for all students involved in the experiment were as 

follows : 

1. Class instructor 

2. Course content 

3. Lecture periods 

4. Length of laboratory periods 

5. Text, reference material, and course outline 

6. Equipment, drafting tools, and facilities 

7. Lecture and laboratory quizzes 

8. Instructional aids 

9. Unit and mid-term examinations 

10. Reading, laboratory and homework assignments 

11. Lighting, heating, and ventilation of the 
laboratory 

12. Time of day for lecture and laboratory sessions. 
The students were not informed that an experiment 

was being conducted or that two different approaches to 
laboratory instruction were being used. The effects of 
other factors which were beyond the control of the investi- 
gator were assumed to operate equally within both groups or 
they were minimized through the design of the experiment 
and, when warranted, through appropriate statistical 

control . 

Differential Treatments . The treatment variable of 
this investigation was the laboratory approach used in 
obtaining accurate solutions to graphical problems in 
descriptive geometry. Each course section was taught using 
a different laboratory approach. 
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In one section the "directed problem analysis 
approach” (Approach A) was used for all assignments . This 
form of laboratory procedure required each student to 
identify, separate, and order, in written form, the constit- 
uent elements in the problem or steps under consideration 
prior to attempting an accurate solution. The student was 
encouraged to develop complete or partial illustrative 
sketches of tentative solutions to supplement the analysis 
procedure. In this approach, the student progressed from 
group lecture to the development of an analysis of each 
problem which led to the final accurate solution of assigned 
problems. The experimenter developed a problem analysis 
form 6 which was used with this approach. 

A second ‘section was taught using the "conventional 
approach" (Approach B) . This form of laboratory procedure 
allowed the student to attempt an accurate solution to the 
problem under consideration without first developing a 
structured, written analysis or supplemental sketch of the 
problem. In this approach, no mention was made of the 
directed problem analysis technique as the student pro- 
gressed from group lecture directly to attempted final 
accurate solutions of assigned problems. 



6 



See Appendix D. 
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Both sections were taught by the same instructor, 
presenting identical instructional material to both groups. 

The laboratory problems, homework assignments, tests, and 
informational content were the same for both groups. 

Nature of and Selection of the Population 

The population studied consisted of university 
students enrolled in ME 10 Descriptive Geometry in the 
College of Engineering at the University of Missouri - 
Columbia during the fall semester of the 1967-1968 school 
year. This course was required of or regularly taken by 
students majoring in one of the several engineering depart 

ments of the College of Engineering. 

During the course of the investigation, laboratory 
supervision and related instruction was carried out by a 
regular full-time instructor of engineering drawing in the 
Department of Mechanical Engineering, University of 
Missouri — Columbia. The investigator acted in a coordi 
nating capacity for the duration of the experimental period 
but was not actively involved with the subjects of the 
investigation. 

v/ 

A total of 54 students were enrolled in the two 
sections of ME 10 Descriptive Geometry scheduled for the 
fall semester, 1967-1968. The study was designed to accept 










both sections as assigned and to utilize the analysis of 
covariance technique in the event that initial differences 
existed between the two groups. Since significant initial 
differences were not present, the t-test was used for the 

statistical analysis of the data. 

Pretests were administered and personal data 
collected from 52 students during the first week of the 
course. All 52 students completed the eight week experi- 
mental period. Of this number, 50 students completed both 
tests of retention which were administered three weeks 
after the treatment. 

Schedule of Classes 

The two sections of ME 10 Descriptive Geometry which 
were available for this experiment had been previously 
scheduled by the Department of Mechanical Engineering and 
the students had been assigned to the classes on the basis 
of space availability. The schedule of laboratory and 
lecture time included in the experiment is shown in Table I. 

The experimental treatment was randomly assigned to 
one of the two sections on the basis of a coin toss. The 
"directed problem analysis approach" (Approach A) was used 
with section B. The "conventional approach" (Approach B) 



was used with section A. 



TABLE I 



LABORATORY AND LECTURE TIME SCHEDULE 



Laboratory Lecture Day 




Directed 
Problem Analysis 



B 



9:40-11:30 M-F 

12:40-1:30 T 

9:40-11:30 T-Th 

12:40-1:30 T. 



The Nature of ME 10 Descriptive Geometry 



The course content was not considered to be an 
experimental factor in the study. ME 10 Descriptive Geom- 
etry had been designed several years prior to this investi- 
gation by Professor Alfred S. Gaskell, Supervisor of 
Engineering Graphics. The course was fully accepted by 
engineering educators in the College of Engineering at the 
University of Missouri - Columbia and approved as a part 

of the engineering curriculum. 

The first half of the course was devoted to the 
study of selected elements of descriptive geometry while 
the remainder involved a study of kinematics and motion 
analysis. Since this investigation was concerned with 
instruction in descriptive geometry, the first eight weeks 
of the semester constituted the experimental period for 



the investigation. 
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The major topics or large units included in the 
J descriptive geometry section of the course were similar to 

those identified by Earle 7 in his research investigation 
as being representative of a basic course in descriptive 

geometry. 

f The major topics included in the descriptive geometry 

section of the course were: true length, bearing and slope 

l of lines; lines and planes; perpendicularity; parallelism; 

£■ 

\ shortest level, perpendicular and specified slope lines, 

1 piercing point; dihedral angle and angle between line and 

A 

\ plane; coplanar and noncoplanar vectors; and intersection 

£ 

of plane surface solids. 

I Selection of Assignments 

'? 

i 

i t 

j Laboratory and homework assignments correlated with 

it the illustrated lecture presentations in the course were 

1 regularly made. The fifth edition of Warner's Applied 

I Descriptiv e Geometry ** was the text used by all students. 

$ 

y 



t 7j ames Earle, "An Experimental Comparison of 

f Three Self-Instruction Formats for Descriptive Geometry" 

[ (unpublished Doctor *s dissertation, Texas Agricultural and 

l Mechanical University, College Station, 1964). 

j 8 Frank M. Warner and Mathew McNeary, Applied 

\ Descriptive Geometry (fifth edition; New York: McGraw-Hill 

Book Company, Inc., 1959). 

if 

P 
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This was the regular textbook for the course and all 
students were expected to obtain a copy. Homework assign- 
ments and graphic problems to be completed in the laboratory 
were taken from the text and from Gaskell T s Engineering 

Q 

Descriptive Geometry Laboratory Work Sheets and Homework 
Sheets .^ 

A detailed laboratory schedule was followed by the 
instructor in teaching both sections. This schedule out- 
lined, by period, all laboratory assignments, quizzes, and 
major examinations. Specific laboratory assignments were 
made to both groups at the beginning of each period. At 
the close of the period, certain of these assignments were 
collected for purposes of critique, correction and grading. 
These assignments were returned to the students at the next 
regularly scheduled laboratory session. Homework and 
reading assignments were made at the close of laboratory 
periods. These assignments were to be completed prior to 
the next laboratory period. 

A composite outline by period and a schedule of 
homework assignments were given to all students prior to 

^Alfred S. Gaskell, Engineering Descriptive Geometry 
Laboratory Work Sh eets (Columbia: Lucas Brothers Publishers, 
1966). 

10 Alfred S. Gaskell, Engineering Descriptive Geometry 
Homework Sheets (Columbia: Lucas Brothers Publishers, 1966). 
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receiving any instruction in the course. Copies of these 
schedules and the laboratory schedule are included in 

Appendix C. 

Physical Facilities 

The same drafting laboratory was assigned for use 
by both sections in this study. Lighting, heating and 
ventilation were maintained at as near ideal conditions as 
possible. Equipment and furnishings, such as drafting 
tables and stools, were in excellent condition and of the 
same design. Single drawers within the drafting tables 
were assigned to students for storage of supplies and 
equipment. Students were expected to purchase the neces- 
sary individual drafting equipment and supplies. These 
were made available through either the University Book 

Store or the Missouri Book Store. 

All students in ME 10 Descriptive Geometry attended 

a common lecture session of one hour in length each week 
in the auditorium of the Electrical Engineering Building. 
Each student was assigned to an auditorium tablet-arm 
chair. Film slides, 11 prepared by the Supervisor of 



11 See Appendix C for description of Gaskell Film 



Slides. 
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Engineering Graphics, were used, to illustrate each lecture* 
The slides were projected to an 8* x 8* beaded screen with 
the aid of an automatic Kodak Carousel projector. The 
images were plainly visible from all parts of the audito 
rium. The slides were changed with the aid of a remote 
control device thus allowing the lecturer to face his 
audience while discussing the slides. The auditorium was 
dimly lighted during the slide presentation to permit note- 
taking by students. 






Criteria for Comparison 

The basis for comparing the relative effectiveness 
of the two approaches to the teaching of selected elements 
of descriptive geometry were as follows. (1) ability to 
solve graphic problems, (2) visualization of spatial 
relationships, (3) ability to analyze and reason abstractly, 
(4) informational achievement, and (5) attitude toward 
descriptive geometry. 

Summary 




This investigation was conducted as a two-group 
controlled experiment. The study employed the use of a 
quasi- experimental research design in comparing the relative 
effectiveness of two approaches to the teaching of selected 
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elements of descriptive geometry. 

All factors with the exception of the laboratory 
approach to teaching descriptive geometry were held constant 
or controlled insofar as was possible. 

The two instructional approaches to descriptive 
geometry used in the study were the "directed problem 
analysis approach" (Approach A) and the " conventional 
approach" (Approach B) . 

The population participating in the study included 
52 students enrolled in two sections of ME 10 Descriptive 
Geometry in the College of Engineering at the University 
of Missouri - Columbia during the fall semester of the 
1967-1968 school year. A total of 28 students were included 
in the section *rtiich utilized laboratory Approach A while 
the section in which Approach B was employed included 24 
students . 

The instructional content of ME 10 Descriptive 
Geometry was considered to be representative of a basic 
course in this subject. 

The textbook, homework and laboratory work sheets, 
laboratory schedule, composite outline by period, and home- 
work assignment sheets were the same for both sections. 

Both sections were taught by the same instructor. 

All students included in the study received their 
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instruction in the same laboratory, had access to similar 
equipment, and attended the same one-hour weekly lectures. 
Insofar as the researcher could ascertain, the physical 
facilities utilized in the experiment were equal for both 

sections . 

The relative effectiveness of the two approaches to 
teaching selected elements of descriptive geometry was 
assessed through a comparison of the following student 
behavior variables: (1) performance in the solution of 

graphical problems, (2) spatial perception, (3) abstract 
reasoning ability, (4) technical information achievement, 
and (5) student attitude toward descriptive geometry. 
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CHAPTER III 



PREPARING FOR AND CONDUCTING THE EXPERIMENT 

The various features and organization of the experi- 
ment were described in Chapter II. This chapter provides a 
detailed account of the process of preparing for and con- 
ducting the experiment. Central to this process was the 
selection and development of tests which were used to: 

(1) assess the initial status of students, (2) secure 
measures of change as a result of treatment, and. (3) 
ascertain the extent to which these changes were observable 
after a period of three weeks. 

Initial Status of Students 

Since the experimenter had no control over the 
assignment of students to classes and since the number of 
students available for the experiment was limited, no 
attempt was made to match students who were participants 

in this investigation. The experimenter decided to accept 

<! 

the groups as assigned and to attempt control of any initial 
differences between the two groups through certain features 
of the research design, appropriate statistical procedures, 
and selected pretests. These methods allowed for a degree 
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of control over the variables that were assumed most likely 
to affect the end results of the experiment, namely: (1) 

scholastic aptitude, and (2) knowledge of drawing related 
to descriptive geometry. In an attempt to ascertain the 
initial status of the two groups on other selected factors, 
data relative to age and semesters of college work completed 
by each student were obtained. In addition, pretests were 
administered to obtain initial measures for the criterion 
variables of spatial perception, abstract reasoning, and 
student attitude toward the course. 

Selection of Tests 

For a study of this nature to be of value, a high 
degree of confidence must be accorded the instruments used 
in measuring the variables which serve as a basis for 
comparisons. For this reason, the investigator preferred 
to use recognized standardized tests rather than teacher - * 
made tests wherever possible; hence, an exhaustive search 
was undertaken' for appropriate published tests. 

Scholastic Aptitude . Perhaps the most important 
factor related to academic success is the ability to under- 
stand and manipulate abstract symbols in the form of word 
meanings or verbal relationships. For this reason, most 
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tests that have been developed for the purpose of predict- 
ing academic success or ability to learn have endeavored 
primarily to measure the individual's abilities in this 
respect. 1 One such test, the Cooperative School and 
College Ability Test ( SCAT ) , 2 was selected to obtain a 
measure of scholastic aptitude. The SCAT, Form 1A, is used 
in a battery of tests administered to entering students by 
the Testing and Counseling Service of the University of 
Missouri; hence, scores for most students participating in 

the experiment were readily available. 

Tt is generally conceded that the composite score 

on an examination of this type yields as predictive an 
index of college success as has been provided through 
various scholarship and admissions testing programs. 

The SCAT series of six tests can best and most 
accurately be described as academic aptitude tests. It is 
generally agreed that they were specifically designed to 
". . . aid in estimating the capacity of a student to 
undertake the academic work of the next higher level of 



Hiilliam J. Micheels and M. Ray Karnes, Measuring 
Educational Achievement (New York: McGraw-Hill Book Company, 
Inc., 1950), p. 29. 

War K. Buros (ed.). The Sixth Mental Measuremen ts 
Yearbook (Highland Park: The Gryphon Press, 1965), p. 715. 
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schooling. " 

In his review of the test for the Sixth Mental 
Measurements Yearboo k, Green regards the SCAT series as a 
ft . . . set of very good scholastic aptitude tests which 
probably is in most ways the equal of any of its 
competitors."^ 

In a discussion regarding the predictive value of 

the test. Green notes that: 

.If, however, one is primarily concerned 
with prediction of general overall levels of 
future performance, SCAT can clearly be recom- 
mended from grades 5 through 16. Or if one 
wishes to install a system which will focus on. 
academic aptitude while at the same time avoiding 
the use of IQ labels with all the potential for 
mischief that such labels carry, then SCAT appears 
to be ready made for him. 5 

An internal consistency reliability of at least .95, 
using the Kuder -Richards on formula 20, is reported for the 
total score in all grades. The reliability coefficients 
of verbal scores are at least .92j a# the reliability 



^Technical Report, Cooperative School and College 
Ability Tests (Princeton, New Jersey: Cooperative Test 
Division, Educational Testing Service, 1957), p. 5. 

^Russel F. Green, "Cooperative School and College 
Ability Tests," Sixth Mental Measurements Yearbook , 

Oscar K. Buros, ed. (Highland Park: The Gryphon Press, 

1965), p. 718. 

5 Ibid. 
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coefficients for the quantitative scores range from a high 
of .93 in grade 13, to a low of .88 in grade 5. The 

i* ^ ' 

following reliability coefficients are reported for Form 1A: 
verbal .92, quantitative .93, and total .95. The ratio of 
the verbal to the quantitative standard deviation varies 
from almost 1:1 in grade 13 to approximately 1.4:1 in 
grade 9. As grade level increases, the correlation between 
verbal and quantitative steadily decreases which is in 
agreement with the literature on the development of 
abilities. 6 

Knowledge of Drawing Related to Descriptive Geom - 
etry . Tests specifically designed to measure background 
and achievement of technical information in descriptive 
geometry were not available. However, a general drafting 
test developed by Blun7 covers several units of instruction 
which have a direct relationship to certain units taught in 
descriptive geometry. Because of this factor ana because 
it afforded some indication of general knowledge of 



i f 






technical Report, op. cit . , pp. 11-12. 

^Robert E. Blum, tT Is a Nationwide Drafting Test 
Possible?” Industrial Arts and Vocational Education , 
54:31-33, May, 1965. 
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drafting, Blum ! s Comprehensive General Drafting Examin a- 
tion 8 was chosen as one of the measures to assess initial 

group status. 

The test is comprehensive in nature and covers a 

variety of items on all units of drafting instruction. The 

test was designed for use in advanced placement as well as 

in the analysis of instruction and curriculum. 

The Kuder -Richards on method of inter-item consistency 

was used in computing test reliabilities. For all students 

completing four or five quarter hour or three semester hour 

college drafting courses the reliability coefficient was 

reported to be .92 with a standard error of measurement of 

5.24. In addition, the composite score, which is considered 

the best overall measure yielded by the examination, was 

9 

found to be 83.73 with a standard deviation of 18.54. 

Information Form . Information regarding the 
students' age and the number of semesters of college work 
completed was secured from the student information section 
of the answer sheet developed by the experimenter and used 
in conjunction with the attitude pretest. This information 
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See Appendix A for a copy of this test. 

^Robert Eugene Blum, "Comprehensive General Drafting 
Examination: Normative Information," 1965 (Mimeographed.). 

I 
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was verified by checking it against a student information 
form completed by each student during the initial class 
period which had been placed on file with the supervisor 
of engineering graphics. A random check of the records for 
thirty per cent of the students involved in the study 
provided additional verification of the accuracy of student 
responses concerning age and semesters of college work 
completed. These records were located in the Dean T s Office, 
College of Engineering at the University of Missouri - 
Columbia. 

Spatial Perception . The space relations section of 
the Differential Aptitude Tests (DAT .) 10 is widely recognized 
as a test designed to measure one T s ability to think in 
spatial terms. More specifically, the test endeavors to 
evaluate the ability to manipulate tr things” mentally and to 
create a structure in one T s mind from a plan. This ability 
is considered an essential part of such fields as drafting, 
architecture, art, and decoration. In addition, tests of 
spatial perception have a general utility in the prediction 
of success in such areas as engineering and mechanical 
design. In essence, it is a desirable attribute whenever 

10 



See Appendix A 
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there is a need for the visualization of objects in three 
dimensions . 11 

The mean reliability coefficients of the space 
relations section of the DAT, Form L are reported as .94 
for males and .93 for females; the average means reported 
for males and females are 31.1 and 27.0, respectively. The 
average standard deviations are 12.1 for males and 11.1 for 
females. ^ The space relations section of the DAT, Form L 
was the test selected to measure the variable of spatial 
perception. 

Abstract Reasoning . The ability to logically analyze 
and perceive the relationships regarding the abstractness 
of lines, points and planes as they occupy space is consid- 
ered a desirable outcome for students in descriptive 
geometry. Wellman 13 has suggested that the development of 
this ability is a basic objective of descriptive geometry. 
The abstract reasoning section of the Differential Aptitu de 



f 

I ^George K. Bennett, Harold G. Seashore, and Alex - 

ander G. Wesman, Manual for the Differential Aptitud e Test s 
V (fourth edition; New York: The Psychological Corporation, 

\ 1966), p. 9. 

| 

f 12 Ibid . , Section 6, p. 4. 

k 

j 13 B . Leighton Wellman, Technical Descriptive Geometry 

[ (second edition; New York: McGraw-Hil 1 Book Company, Inc., 

L 1957), p. v. 

I 
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Tests ( DAT) is intended as a nonverbal measure of the 
student’s reasoning ability. This test is designed to 
measure an individual’s ability to perceive relationships 
in abstract figure patterns. Such an ability is considered 
relevant when the subject, curriculum, profession, or voca- 
tion requires perception of relationships among things 
rather than among words or numbers. In this sense, it may 

14 

be properly grouped with tests of spatial perception. 

The mean reliability coefficients of the abstract 
reasoning section of the DAT , Form L are reported as .91 
for males and .93 for females; the average means reported 
for males and females are 32.0 and 30.8, respectively. The 
average standard deviations are 9.6 for males and 10.5 for 
females. ** The abstract reasoning section of the DAT , 

Form L was the test selected to measure the variable of 
abstract reasoning. 

Attitude Scale . A measure of the students’ initial 
attitude toward the course was obtained by using Remmers’ 
Scale for Measuring Attitude Toward Any School Subject, 

Form A. The scale consists of a series of seventeen 

^Bennett, op. cit . , Section 1, p. 7. 

^ Ibid . , Section 6, p. 4. 
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statements arranged on a continuum. The statements range 
from those which are highly favorable, through those which 

indicate an indifference attitude, to those suggesting 
negative attitudes. Students responded to those statements 
with which they agreed. Scores may range from a low of 
1.0, a negative attitude, through 6,0, an indication of 
indifference, to a high of 10.3, considered a highly 
favorable attitude. 

The reliability of the scale is reported as ranging 
from .71 to .92. Although the validity of the scale as a 
pretest has not been established, the accompanying manual 

states that: 

. these scales have demonstrated validity 
both against Thur stone's specific scales with 
which they show typically almost perfect corre- 
lations and in differentiating among attitudes 
known to differ among various groups. 1/ 

Administering and S coring of Pretests 

As previously stated, the scholastic aptitude test 
scores were obtained from the records of the Testing and 
Counseling Service at the University of Missouri - Columbia 



16 H. H. Remmers, Manual for the Purdue Master 
Attitude S cales (West Lafayette, Indiana: University Boo 
Store, 1960), p. 6. 

17 




Ibid., p. 2. 
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It is assumed that these tests were uniformly administered 
and scored according to recommended procedures. 

The pretest of knowledge of drawing related to 
descriptive geometry was administered by the investigator 
on the evening following the first lecture period of the 
fall semester. The test was administered in the Electrical 
Engineering Auditorium which was equipped with regular 
tablet-arm seats. The day preceding and the day following 
the group test administration were set aside by the investi- 
gator to accommodate the testing of students with schedule 
conflicts. Students were told that the results of this 
test would be used to ascertain their prior achievement in 
general drafting and drafting related to descriptive 
geometry. Students were informed that the results would 
not affect their course grade, but they were to do as well 

as possible. 

The instructions for the test were read aloud by the 
investigator after which students were given an opportunity 
to ask questions concerning the instructions. Students 
were then told to complete the test, answering all items. 

No time limit was imposed and students were allowed to 
leave the room upon completion of the test. 

The spatial relations, abstract reasoning, and 
the attitude scale pretests were administered by the 
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experimenter to each section separately during the first 
regularly scheduled laboratory period of the fall semester. 
The same laboratory provided the setting for the adminis- 
tration of these tests to both sections. Students were 
informed that the results of these tests would not affect 
their course grade but would be used as an aid in analyzing 
and planning future instructional presentations of the 
course and as an indication of student attitude changes 
toward the course. A twenty-five minute time limit was 
enforced for both the spatial relations and abstract 
reasoning tests. Instructions were read by the investi- 
gator and followed by the students. 

Instructions for completing the student information 

section of the answer sheet used for the attitude scale 
were read by the investigator. After the student informa- 
tion section of the answer sheet was completed, instructions 
for placing responses to the attitude scale were read by 
the investigator and students were directed to respond to 
the scale. The attitude scale was hand scored by the 
investigator and verified by an instructor in engineering 

drawing . 

Standard answer sheets were used to facilitate 
machine scoring of the pretests for knowledge of drawing 
related to descriptive geometry as well as the spatial 
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relations and abstract reasoning pretests. Having made 
prior arrangements, all of the above mentioned tests were 
machine scored through the facilities of the Missouri . 
State-Wide Testing Service and the tests were analyzed by 
the Computer Research Center on the Columbia' Campus of the 
University of Missouri. 

Instruments Used to Measure Criterion Variables 

Two of the experimental variables which were used as 
criterion measures required the use of teacher-constructed 
examinations. The criterion measures involved were graphic 
problem solving ability and informational achievement in 
descriptive geometry. 

Graphic Problem Performance Test . A graphic problem 
performance test was judged to be the most valid method of 
assessing graphic problem solving ability since only a 
genuine understanding of concepts would enable a student to 
respond correctly. No applicable standardized performance 
tests for measuring graphic problem solving ability were 
available; hence, alternate forms of a graphic problem 
performance test were developed by the experimenter. The 
proposed tests were submitted to the supervisor of engi- 
neering graphics and the instructor of ME 10 Descriptive 
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Geometry for validation. The course outline was referred 
to as an aid in each person 1 s evaluation of the tests 
validity. After subsequent modification and revision of 
the proposed test, it was agreed that the test would 
provide a valid measure of the students 1 graphic problem 
solving ability covering the major topics included in the 

study. 

In an attempt to test the retention of students, in 
terms of graphic problem solving ability, alternate forms 
of a graphic problem performance test were designed by the 
experimenter. These tests were similar, but not identical 
to the tests used to secure a measure of graphic problem 
solving ability after treatment. The same validation 
procedures which were used for the test of performance were 
applied to the retention test of performance. Copies of 
both of these examinations together with the criteria for 
evaluation appear in Appendix B. 

Informational Achievement Test . There were no 
available standardized tests which would adequately measure 
technical information achievement in descriptive geometry; 
therefore, an objective-type test for this purpose was 
developed by the investigator. Items for the test were 
selected on the basis of the established criteria for a 



Test 
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good test as described by Micheels and Karnes, 
items were formulated from a comprehensive analysis of 
course content included in tbe experiment • 

The items were organized into test form and sub- 
mitted to the supervisor of engineering graphics and the 
instructor of ME 10 Descriptive Geometry for validation. 

The course outline was used as an aid by these individuals 
in their evaluation of the test T s validity. In its final 
modified and revised form, it was agreed that the test 
would provide a valid measure of informational achievement 
covering the major topics included in the study. Although 
predetermined coefficients of reliability were not avail- 
able, reliability characteristics of the test were secured 
through application of the Kuder -Richards on formula 20 to 
the posttest scores of informational achievement of 
subjects included in the experiment. A reliability index 
of .72 was obtained by the group experiencing Approach A 
while the group taught by Approach B attained a reliability 
index of .82. The reliability characteristics of both 

groups combined exhibited an index of .96. 

To obtain a measure of the retention of students 
experiencing the differential treatments, in terms of 



i8 Micheels, 0£. cit . , pp. 103-04. 
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informational achievement, the same test of informational 
achievement was administered to both groups three weeks 
after treatment. A copy of this examination appears in 
Appendix B. 



Administering and Scoring the Tests 

The tests of graphic problem performance and infor- 
mational achievement were administered at the end of the 
experimental period by the regularly assigned laboratory 
instructor. The tests were of the type normally used for 
mid-term examinations. 

Alternate forms of the graphic problem performance 
test were used to prevent students from comparing work. 
Problems in the alternate forms were of a similar type, but 
not identical. Instructions were read aloud by the test 
administrator as students read silently. Immediately 
following, questions were answered regarding the instruc- 
tions. Students were given a total of 120 minutes to 
complete the examination. 

A panel of three instructors experienced in teaching 
descriptive geometry, including, the investigator, evaluated 
the performance examination. The performance grade for 
each student was an average of grades assigned by each of 
the three panel members. In an effort to provide uniformity 
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in scoring, evaluative criteria were devised for each 
problem which aided the panel members in their evaluation 

of the student solutions. 

The informational achievement test was administered 
during the first half of the regularly scheduled laboratory 
period following the performance examination. The labora- 
tory instructor served as the test administrator and read 
the instructions orally to the students. After answering 
questions regarding the instructions, the students were 
allowed approximately 50 minutes for completion of the 
examination. The tests were scored by the investigator and 
verified by an instructor of drafting at the University of 
Missouri • Columbia. 

The retention tests of graphic performance and 
informational achievement were administered three weeks 
after treatment by the regular laboratory instructor. 

The same panel members who scored the posttest of 
performance also scored the retention test of performance. 
The performance grade for each student was an average of 
grades assigned by each of the three panel members. To 
provide uniformity in scoring, evaluative criteria, similar 
to that used for the posttest of performance, were devised 

for each problem. 

The retention test of informational achievement was 
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scored by the investigator and verified by an instructor of 
drafting at the University. 

Coordination of Instruction 

In this investigation, a majority of the instruc- 
tional content was presented by the supervisor of engineer- 
ing graphics to members of both groups at the same time 
during lectures. The supervisor was experienced in the 
presentation of instructional content in this manner having 
conducted such lectures at the college and university level 
for a number of years. Much of the instructional content 
was presented visually with the aid of especially designed 

film slides prepared by the supervisor. 

In addition, a certain amount of specific instruction 

was afforded both groups by the regular laboratory 
instructor during the separate laboratory sessions. Since 
it would be highly improbable that an instructor could 
present a single lesson, to two classes at different times 
in an identical manner with the same results, the investi- 
gator makes no claim that instruction in both laboratory 
sections of descriptive geometry was identical. However, 
a determined effort was made to organize and present 
the instructional content in such a manner so that differ- 
ences in instructional effectiveness were minimal. The 
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I laboratory instructor was experienced in supervising 

S laboratory instruction to several drafting classes per 

i day. He had taught multiple sections of college level 

: engineering drawing and descriptive geometry for several 

years at the University of Missouri - Columbia prior to 
this investigation. 

: A composite outline by period and a homework 

\ assignment schedule were given to each student at the 

! beginning of the semester. The composite outline provided 

[ a calendar of instructional topics and examinations as 

l presented in lecture and laboratory sessions or homework 

j assignments. The homework assignment schedule provided 

j reading assignments and graphic problem assignments, as 

l well as study questions to aid the student in his prepara 

t * 

i tion. Any additional instructional sheets were uniformly 

L presented to both groups during the experiment, 

j The laboratory instructor followed a detailed 

K 

laboratory schedule which outlined, by period, all 
| laboratory assignments, quizzes and major examinations. 

1 The investigator coordinated laboratory instruction to 

f 1 insure that content was presented to both groups in the 

same sequence, on the same day, using identical media. 

< 

} Close coordination was maintained with the laboratory 

j 

instructor in an effort to avoid special assistance for 

i# 

i 

/ 
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any students since this might influence the results of the 
study. The laboratory instructor was knowledgeable of both 
treatments used in this experiment. 

Laboratory Instruction Procedures 

The procedures followed with the differential 
approaches to laboratory instruction in descriptive 
geometry are described herein. General rules and proce- 
dures are also described. 

Directed Problem Analysis . The laboratory section 
was scheduled for two 55-minute periods, running concur- 
rently, and met twice each week during the semester. 

Students worked assigned problems during these periods, 
except on certain days when examinations were scheduled. 

A portion of the second laboratory period was used to 
present instruction in the techniques of the Tr directed 
problem analysis" approach for the group who would employ 
this technique during the balance of the experiment. In 
this approach, the student attempted to identify, separate, 
and order, in written form, the constituent elements or 
factors inherent in the assigned problem prior to attempting 
an accurate solution. The student was encouraged to use 
complete or partial illustrative sketches of tentative 
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solutions to supplement this procedure. The following 
procedures were incorporated for use with this approach: 

1. Using the forms supplied by the instructor, 
the student developed a written analysis 

for each assigned problem prior to attempting 
an accurate solution. 

2. The student was required to submit his 
completed analysis of the problem and the 
accompanying laboratory problem work sheet 
for a preliminary critique by the instruc- 
tor. The instructor initialed both the 
analysis form and the problem work sheet 
prior to returning these to the student. 

3. The student then attempted an accurate 
graphic solution to the problem (drawing 
on the laboratory problem work sheet) with 
the aid of his completed analysis. 

4. As required, the student submitted both the 
analysis form and the completed problem work 
sheet to the instructor for correction and 
grading at the close of the laboratory period. 

Specific assignments were made at the beginning 
of each laboratory period according to the schedule of 
laboratory assignments. At the close of each period, 
certain representative assignments were collected for 
purposes of correction and grading. The evaluation of 
these assignments was accomplished by the instructor out- 
side of the regular laboratory period. Comments regarding 
the correctness and completeness of the problem analysis 
and the graphic problem solution were written on the 
analysis form and problem work sheet, respectively, along 
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with numerical grades. Evaluated assignments with the 
analysis were returned to the students at the next regularly 
scheduled laboratory period. After being allowed to examine 
the corrected problem solution and analysis, the problem 
analysis was again collected and retained by the instructor. 

A typical laboratory assignment with completed problem 
analysis and graphic problem solution appears in Appendix D. 

Conventional Approach . The laboratory section was 
scheduled for two 55-minute periods, running. concurrently, 
meeting twice each week during the semester. Students 
worked assigned problems during these periods, except on 
certain days when examinations were scheduled. In this 
approach, students attempted accurate solutions to the 
problems under consideration without the aid of any pre- 
liminary, structured, written or graphical analysis. The 
instructor was available to answer questions or give 
assistance. 

Specific assignments were made at the beginning of 
each laboratory period according to the schedule of 
laboratory assignments. At the close of each period, 
certain representative assignments were collected for 
purposes of correction and grading. The evaluation of 
these assignments was accomplished by the instructor outside 



of the regular laboratory period. Comments regarding the 
correctness and completeness of the graphic problem solu- 
tions were written on the problem work sheet along with 
numerical grades. Evaluated assignments were returned to 
the students at the next regularly scheduled laboratory 

period. 



General Rules and Procedures. Following are the 
general rules and procedures which pertained to both 
groups : 

1. The student was held responsible for all 
lecture information and discussion. Also, 
he was held responsible for all assigned 
text material whether formally discussed 
or not. 

2. Both groups were assigned the same graphic 
problems from the schedule of laboratory 
assignments. 

3. All assigned graphic problems were graded 
on a basis of 10 to 0. A score of 10 was 
considered excellent and 0, failing. Certain 
assignments were collected at the close of 
the class period each day. 

4. ' Laboratory work, quizzes, or examinations 

which were missed for an unexcused reason 
were expected to be made up within a time 
period prescribed by the instructor. . 

All students were expected to remain in the 
laboratory for the required length of time. . 
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Course Examinations and Quizzes 

Testing was not an experimental factor in the study, 
but it was considered an essential evaluative activity. 
During the co ur se of the investigation one unit examination 
and several quizzes were administered to both groups as a 
part of the regular instructional program. Quizzes were 
normally given unannounced and usually covered instructional 
content presented in lecture, laboratory, or in assigned 
readings. They were administered periodically in both the 
laboratory and the common lecture with allowed completion 
times ranging from 10 to 20 minutes. 

Alternate forms were used for the unit examination 
to prevent students seated at adjoining tables from compar- 
ing work. This examination was composed of objective and 
performance items. Students were allowed the full labora- 
tory period for the completion of the unit examination. 

All quizzes and examinations were graded by the laboratory 
instructor. Solutions and answers were discussed in both 
sections during the next regularly scheduled laboratory 
period following the administration of the quiz or 



examination. 
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Records Maintained 

In addition to records of grades on required labora- 
tory assignments as well as all quizzes and examinations} 
a record of the attendance of each student was maintained. 

It was deemed important to hold absences to a minimum in 
o^(jgy to provide equal amounts of instructional time for 
all students. Students with legitimate reasons for being 
absent were allowed to receive makeup instruction from the 
instructor upon request. 

An analysis of the attendance record of both groups 
reveals that each student was absent an average of about 
one class period. The record of attendance for each student 
is shown in Appendix E. 



Summary 

Before any differences in results could be attributed 
to the differential treatments, it was essential to test 
for the initial status of both groups. The primary factors 
which were chosen for the purpose of ascertaining the 
initial status of the subjects were: (1) scholastic apti- 

tude, and (2) knowledge of drawing related to descriptive 
geometry. Additional data relative to the factors of age 
and semesters of college work completed were secured. 



Also, initial measures were obtained for the criterion 
variables of spatial perception, abstract reasoning, and 

attitude toward descriptive geometry. 

The Cooperative S chool end College Ability Test 
(SCAT), Form 1A was selected to measure scholastic ability. 
Knowledge of drawing related to descriptive geometry was 
ascertained by administering Blum’s Comprehensive General 
Drafting Examination , and Remmers T Scale^ for Measuring 
Attitude Toward Any School Subject was used to assess 
student attitude toward descriptive geometry. Appropriate 
sections of the Differential Aptitude Tests (DAT) , Form L, 
were used to measure spatial perception and abstract 
reasoning ability. 

Each student 1 s age and the number of semesters of 
college work completed were secured from an information 
form administered at the time initial attitude was assessed. 
The accuracy of this information was verified by a random 
check of the student records in the office of the Dean of 
Engineering and a check of student information forms on 
file with the supervisor of engineering graphics. 

The Testing and Counseling Service of the University 
of Missouri - Columbia was responsible for the administra- 
tion and scoring of the Cooperative School and College 
Ability Test . The pretests for knowledge of drawing related 
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to descriptive geometry, spatial perception, and abstract 
reasoning were administered by the investigator and 
| machine-scored through the facilities of the Missouri 

| State-Wide Testing Service. The tests were analyzed by the 

Computer Research Center on the Columbia Campus of the 

L 

University of Missouri. 

1 The criterion variables of graphic problem solving 

! ability and informational achievement required the use of 

teacher-constructed examinations since no relevant standard- 
ized tests were available. Both examinations were validated 

by a panel of three experienced teachers of descriptive 
% 

P geometry . 

The informational achievement test was objective in 
I nature and exhibited a reliability index of .96 for both 

groups combined. The tests of graphic problem performance 
p and informational achievement were administered at the 

! conclusion of the experiment by the laboratory instructor. 

The same informational achievement test was adminis- 
! tered to both groups three weeks after treatment in order 

to obtain a measure of retention for this variable. In 
r addition, a test similar, but not identical to the posttest 

of performance was devised to secure a measure of retention 
three weeks after treatment. The same validation procedure 
that was used with the posttest of performance was applied 



v 
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to the retention test. A trio of experienced drafting 
instructors at the University of Missouri - Columbia 
evaluated both the posttests and retention tests of 
performance. The posttests and retention tests of infor- 
mational achievement were scored by the investigator and 
j verified by an instructor of drafting at the University. 

All other quizzes and examinations were administered under 
j the supervision of the investigator or the laboratory 

instructor of descriptive geometry. 

In an attempt to minimize instructional differences 

| between the two groups, a composite outline and a homework 

i assignment schedule were provided to each student. The 

[ laboratory instructor followed a detailed laboratory 

schedule which outlined, by period, all laboratory assign- 
ments, quizzes, and examinations. An experienced professor 
P of engineering graphics conducted the weekly lecture 

| sessions attended by all students enrolled in ME 10 

Descriptive Geometry. Much of the instructional content 
j was presented visually with the aid of film slides specifi- 

jj cally designed for the course. 

P An experienced instructor of descriptive geometry 

[ supervised the laboratory experiences of both groups. The 

investigator acted in a coordinating capacity during the 

I experiment, working closely with both the supervisor of 

£ 

l 

$ 
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engineering graphics and the laboratory instructor to 
assure proper implementation of the differential treatments. 

Students who experienced the ’’directed problem 
analysis” approach attempted to identify and order, in 
writing, the constituent elements or factors inherent in 
the assigned problems prior to attempting accurate solu- 
tions. The students were encouraged to use illustrative 
sketches of tentative solutions to supplement the written 
analysis procedure. 

In contrast, students experiencing the ’’conventional 
approach” attempted accurate solutions to the problems 
under consideration without the aid of a preliminary, 
structured, written or graphical analysis. The instructor 
was available to answer questions or lend assistance. 

Students in both groups were held responsible for 
all lecture information, discussion, and assigned readings. 
Identical laboratory problems were assigned to both groups 
and these were graded using a uniform marking system. 

One unit examination and several quizzes were 
administered during the experimental period as a part of 

the regular instructional program. 

Grades on required laboratory assignments, quizzes, 
and examinations were recorded. In addition, a record of 
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attendance indicated that each student in the two sections 
was absent an average of approximately one class period. 
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CHAPTER IV 



MEASUREMENT AND ANALYSIS OF RESULTS 



Procedures involved in ascertaining the initial 
status of students and of preparing for and conducting the 
experiment were provided in Chapter III. This chapter 
provides a description of the process of measuring and 
analyzing the data as well as a report of the experimental 
findings. The initial status of students is also reported. 

Ini tial Status of Students 



Data from the total research population were analyzed 

£ 

Y 

\ 

\ to ascertain whe'ther or not initial differences were present 

between the two groups experiencing instruction in descrip- 
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control variables. Statistical significance for obtained 
t -values was tested at the five per cent level of confi- 
dence, employing the appropriate degrees of freedom for 
each set of data. The t-value with summary data for each 

control variable is shown in Table II . 

The "directed problem analysis" group had a slight 
advantage with respect to mean scholastic aptitude and had 
achieved a higher mean score on the test of knowledge of 
drawing related to descriptive geometry, while the "conven- 
tional approach" group was slightly older and had been 
enrolled in college for a slightly longer period of time. 
However, none of the above advantages proved to be greater 
than chance. Hence, the differences, of initial status 
between the groups experiencing the differential treatments 
were not statistically significant with respect to scho- 
lastic aptitude, knowledge of drawing related to descriptive 
geometry, age, or semesters of college work completed. 
Composite scores of the initial status of all students 
included in the experiment are shown in Appendix E. 




Selected student behavioral changes, which may have 
resulted from the two approaches to instruction of selected 
elements of descriptive geometry, were analyzed in an 
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attempt to ascertain whether or not differences existed 
between the two treatment groups. Comparative data of 
student performance on the criterion variables appears in 
Appendix E. 

Graphic Problem Solving Ability . A primary objec- 
tive of descriptive geometry is the development of a degree 
of competency in the analysis and subsequent solution of 
graphic problems of a technical nature. An attempt was 
made to assess this variable by the administration of a 
graphic problem performance test at the conclusion of the 
experiment . 

Since the differences of initial status between the 
differential treatment groups were not statistically 
significant with respect to each of the four selected 
control factors, the t-test of uncorrelated means could be 
applied to test the null hypothesis that no significant 
difference existed between the two groups with regard to 

graphic problem solving ability in descriptive geometry. 

2 

Following the procedure described by Guilford, a 
preliminary investigation was made to test whether or not 
the variances of the two groups could possibly have arisen 

2 

Guilford, op. cit . , p. 191. 



by random sampling from the same population of observations, 
or from two populations with the same variance. The F-test 
was used to obtain a variance ratio. The F value of 1.12 
was not significant at the five per cent level of confi- 
dence. Subsequently, a t-test of uncorrelated means was 
applied to the posttest mean scores for both groups. 

Table III shows the results of the t-test of uncorrelated 
means for graphic problem performance scores by differential 
treatment . 



TABLE III 



ANALYSIS OF POSTTEST GRAPHIC PROBLEM 
PERFORMANCE SCORES BY DIFFERENTIAL 

TREATMENT 



Directed Problem 
Analysis 


. Conventional 
Approach 


Mean — 62.11 


Mean = '57.92 


SD = 19.36 


SD = 20.45 


% = 


4.19 


SE DM = 


5.53 


df 


50. 


t 


.76* 



*Not significant at the .05 level. 
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Although the ’’directed problem analysis” group 
achieved a higher mean performance score than the ” conven- 
tional approach” group, the resulting t-value of .76 was 
well below the table value for t at the .05 level, which 
was 2.01 with 50 degrees of freedom. Therefore, the null 
hypothesis (Ho^ of no significant difference in graphic 
problem solving ability between the differential treatment 
groups was retained.- 

Spatial Perception . The capacity to visualize the 
space relationship of lines, points, planes, and objects 
is considered an essential competency possessed by the 
successful industrial or engineering technician. The space 
relations section of the Differential Aptitude Tests was 
selected to obtain a measure of this variable. 

Using the t-test for uncorrelated means, initial 
comparisons of the pretest mean scores of the two groups 
revealed no significant difference in terms of spatial 
perception. Before testing the null hypothesis that no 
significant difference existed between the two groups with 
regard to spatial perception, it was decided to ascertain 
whether or not the gains in spatial perception made by the 
two groups were statistically significant. 

The pretest and posttest mean scores for both groups 
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were analyzed using the t-test for correlated means as 
described by Garrett. 3 Table IV contains the summary data 
of the t-test for mean pretest and posttest scores of 
spatial perception by differential treatment. 



Mean 

SD 

«D 

df 

t 



TABLE IV 

COMPARISON OF PRETEST AND POSTTEST 
SCORES OF SPATIAL PERCEPTION 
BY DIFFERENTIAL TREATMENT 



Directed Problem 
Analysis 

Posttest 




Conventional 
Approach 

Pretest Posttest 



8.03 



52.36 


48.12 


53 


7.06 


9.82 


i 


4.40 




5.17 


27. 




23. 


4.10* 




4.10* 



*Signif leant at the .05 level 



The mean ppsttest spatial perception scores show 
similar gain over the mean pretest scores for both groups. 
The resulting t-value for both groups was computed to be 
4.10. This value was found to be significant at the five 



3 Henry E. Garrett, Statistics in Psychology and 
nn (fifth edition; New York: Longmans, Green and 

Company, 1958), pp* 226-28. 
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per cent level of confidence. Both the "directed problem 
analysis" group and the "conventional approach" group had 
made statistically significant gains in spatial perception. 

The next step was to ascertain whether or not there 
was a significant difference in the mean gain between the 
two groups. The results of the F test supported the 
assumption that the groups were not heterogeneous in vari- 
ance. Hence, a t-test for the difference between uncorre- 
lated mean gains was applied to the pretest and posttest 
mean scores for both groups. The summary data for the 
t-test of the difference between mean gains in spatial 
perception by differential treatment is shown in Table V. 

TABLE V 

ANALYSIS OF THE DIFFERENCE BETWEEN 
MEAN GAINS IN SPATIAL PERCEPTION 
BY DIFFERENTIAL TREATMENT 



Directed Problem 
Analysis 


Conventional 

Approach 


d = 4.40 

m 


d » 


5.17. 


Sum of d^ = 866.67 


Sum of dr — 


875 . 33 


SE DM = 


1.64 




df 


50. 




t 


.48* 





*Not significant at the .05 level. 



The group of students exposed to the ” conventional 
approach” had a slightly greater average mean gain in 
spatial perception than the group experiencing the "directed 
problem analysis” approach. However, the null hypothesis 
of no significant difference was accepted for Ho 2 since the 
resulting t-value of .48 was not significant at the five 
per cent level of confidence. Therefore, it was established 
that no significant difference existed between the two 
groups of students with regard to spatial perception prior 
to or following the differential treatments. 

Abstract Reasoning Ability . The ability to reason 
and perceive the abstract relationships of lines, points 
and planes as they occupy space is considered a desirable 
asset to the student in the interpretation and solution of 
various technical problems. The assessment of this vari- 
able was obtained through the application of the abstract 
reasoning section of the Differential Aptitude Teats. 

Using the uncorrelated means t-test, a preliminary 
investigation of the pretest mean scores of abstract 
reasoning between the two groups showed no significant 
difference. Prior to testing the null hypothesis that no 
significant difference existed between the two groups with 
regard to abstract reasoning ability, a decision was made 



to ascertain whether or not significant gains in abstract 
reasoning had been made by students experiencing the treat 
ments. The t-test for correlated means was applied to the 
pretest and posttest mean scores for both groups; summary 
data for both groups are shown in Table VI. 



TABLE VI 



COMPARISON OF PRETEST AND POSTTEST 
SCORES OF ABSTRACT REASONING BY 

tvTTirmnmimTAT 'T'DT? ATMCTCIT 




★Significant at the .05 level. 




There was a significant increase in the mean 
abstract reasoning score from pretest to posttest for both 
the "directed problem analysis” and the "conventional 
approach” groups. The obtained t-value of 3.79 for the 
"directed problem analysis” group exceeded the table value 
for t at the .05 level of confidence. For those students 



experiencing the ft conventional approach,” the computed 
t-value was 4.22. This value was also significant at the 
five per cent level of confidence. Therefore, these data 
indicate that a significant gain in abstract reasoning had 
been made by both groups. 

In order to test H03, it was necessary to ascertain 
whether or not one group had made a significantly, greater 
gain than the other group. An application of the F-test 
indicated that the assumption of equal variance was met for 
the proper application of the t-test for the difference 
between uncorrelated mean gains. As shown in Table Vll, 
which contains summary data for the t-test of the differ- 
ence between mean gains in abstract reasoning by differ- 
ential treatment, the difference between average mean gains 
on the abstract reasoning tests was slight. The resulting 
t-value of .44 was not significant at the five per cent 
level of confidence. 

Since no initial difference existed between the 
groups on this variable, this test was considered as an 
appropriate basis for accepting the null hypothesis (H03) 
of no significant difference between average mean gains in 
abstract reasoning between students experiencing the 
differential treatments . 
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TABLE VII 

ANALYSIS OF THE DIFFERENCE BETWEEN 
MEAN GAINS IN ABSTRACT REASONING 
BY DIFFERENTIAL TREATMENT 



Directed Problem 
Analysis 


• 


Conventional 

Approach 


d m 


2.40 


d_ 

m 


= 2.79 


Siam of d^ = 


300.68 


Stun 


of d 2 = 241.95 




se dm = 


.91 






df 


50. 




* 


t 


.44* 





*Not significant at the .05 level. 



Informational Achievement . Technical information, 
as defined in this study, refers to information related to 
the principles, techniques and terminology of descriptive 
geometry. Since no standardized tests were available to 
measure this variable, an objective-type test was developed 



I by the investigator and administered to both groups at the 

completion of the experiment. 

An application of the F-test revealed that the 
[ ' assumption of homogeneity of variance had been met for the 



proper application of the t-test of uncorrelated means. 
Hence, the null hypothesis that no significant difference 
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achievement in descriptive geometry was tested by applica- 
tion of the uncorrelated means t-test to the posttest 



informational achievement scores of the total research 
population. The summary data for the t-test of mean 
informational achievement scores by differential treatment 
is reported in Table VIII. 



TABLE VIII 



ANALYSIS OF POSTTEST INFORMATIONAL ACHIEVEMENT 

SCORES BY DIFFERENTIAL 
TREATMENT 



Directed Problem 


Conventional 


Analysis 


Approach 


Mean = 78.39 


Mean = 76.83 


SD = 10.82 


SD = 11.14 



M d = 1.56 



se dm " 3 - 05 
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less than the table value for t at the five per cent level 
of confidence. On the basis of this test the null hypoth- 
esis (Ho^) of no significant difference in informational 
achievement between the differential treatment groups was 
accepted. 

Student Attitude Toward the Course . The assessment 
of student attitude toward descriptive geometry for this 
study had a two-fold purpose: (l) to ascertain whether or 

not a significant change in attitude toward the course had 
occurred for each group during treatment, and (2) to ascer- 
tain whether or not significant differences in attitude 
toward descriptive geometry existed between students 
experiencing the treatments. Remmers T Scale for Measuring 
Attitude Toward Any School Subject , Forms A and B were used 
to secure a measure of initial and final student attitude 
toward descriptive geometry. 

A t-test of uncorrelated means revealed no signifi- 
cant difference between the mean scores of the two groups 
on the attitude pretest. In an attempt to ascertain 
whether or not a significant change in attitude toward 
descriptive geometry had taken place by students experi- 
encing the differential treatments, the t-test for 
correlated means was applied to the pretest and posttest 
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mean attitude scores for both groups. The analysis of 
pretest and posttest mean attitude scores by differential 
treatment is reported in Table IX. 



TABLE IX 



COMPARISON OF PRETEST AND POSTTEST SCORES 
OF ATTITUDE TOWARD DESCRIPTIVE GEOMETRY 
BY DIFFERENTIAL TREATMENT 





Directed Problem 
Analysis 


Conventional 

Approach 




Pretest Posttest 


Pretest Posttest 


Mean =* 


7.99 7.72 


8.12 7.82 


SD = 


.474 .968 


.485 .627 


m d = 


-.27 


-.30 


df = 


27. 


23. 


t 


1.16 


2.12* 




^Significant at the .05 level. 





The mean attitude scores for the "directed problem 
analysis” group and the "conventional approach" group 
decreased slightly from pretest to posttest. The computed 
t-value for students experiencing the "directed problem 
analysis" approach was 1.16. This value was not signifi- 
cant at the five per cent level of confidence, thus 
indicating that the attitude toward descriptive geometry 
of the "directed problem analysis" group had not changed 
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significantly during the experiment. 

In contrast, the obtained t -value of 2.12 for the 
students who experienced the "conventional approach” was 
significant at the five per cent level of confidence. The 
attitude toward descriptive geometry of the "conventional 
approach” group was significantly lower at the conclusion 
of the experiment. 

The attitude toward descriptive geometry of students 
experiencing the two approaches remained positive at the 
conclusion of the experiment, since posttest mean scores 
for both groups exceeded 6.0, the point of "indifference" 
on the scale. 

Application of the F-test for homogeneity of vari- 
ance produced an F ratio which was significant at the five 
per cent level of confidence. Guilford 4 recommends the 
Cochran and Cox test as a statistical method of meeting the 
case of unequal variances. Therefore, in order to test the 
null hypothesis that no significant difference existed 
between the two groups in terms of attitude toward descrip- 
tive geometry, a Cochran-Cox t-test was calculated for the 
difference between mean gains of attitude pretest and 
posttest scores. The summary data for the Cochran-Cox 

^Guilford, op. cit • , p. 185. 
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t-test of the difference between mean gains in attitude 
toward the course by differential treatments appears in 

Table X. 



TABLE X 



ANALYSIS OF THE DIFFERENCE BETWEEN MEAN GAINS 
IN ATTITUDE TOWARD THE COURSE 
BY DIFFERENTIAL TREATMENT 




SEpM “ - 2682 

df = 27. and 23. 



Cochran- Cox t Q 



.15* 



★Not significant et the .05 level. 



Although the group which experienced the conven- 
tional approach" had a significant decrease in attitude 
toward the course from mean pretest to posttest scores, 
the resulting Cochran-Cox t-value of .15 did not exceed 
the table values for t at .05 using 27 and 23 degrees of 
freedom. Hence, the null hypothesis (Ho^) of no signifi- 
cant difference in attitude toward descriptive geometry 
between the differential treatment groups was accepted. 
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Also, no initial differences existed between the attitudes 
toward descriptive geometry of students who experienced the 
two instructional approaches. 

Comparison and Analysis of the Retention of Students 

Data from the total research population were analyzed 
to ascertain whether or not differences in retention 
existed between the two groups experiencing instruction 
in descriptive geometry by the two different approaches. 
Comparative data of student performance on tests of reten- 
tion involving graphic problem performance and informational 
achievement appears in Appendix E. 

Graphic Problem Solving Ability . In order to 
ascertain the retention of students, in terms of graphic 
problem solving ability, alternate forms of a graphic 
problem performance test were administered to both groups 
three weeks after the completion of the experiment. These 
tests were similar, but not identical to the tests used to 
measure graphic problem solving ability immediately after 
treatment . 

The mean scores of the two groups for the posttest 
and retention test were analyzed using the t-test for 
correlated means. This analysis was made in an attempt to 







assess whether or not significant changes had taken place 
with regard to the students* ability to solve graphic 
problems in descriptive geometry three weeks after receiv- 
ing instruction. Table XI shows the analysis of posttest 
and retention test mean performance scores by differential 

treatment . 



Mean 

SD 

df 

t 



TABLE XX 

fiOMP ARISON OF POSTTEST AND RETENTION TEST 
C< SCORES OF GRAPHIC PROBLEM PERFORMANCE 

by differential treatment 



Directed Problem 
Analysis 

Retention 
Posttest Tes _t 



62.21 64.07 

24.76 21.45 

1.86 

27. 

.50* 



Conventional 

i roach 

Retention 
Posttest Test, 

65.91 59.00 

26.25 21.08 

-6.91 

21 .** 

1.63* 



*Not significant at the .05 level. 

**The N decreased from 24 to 22. 



The "directed problem analysis" group demonstrated a 
slight gain while the "conventional approach" group exhib- 
ited a decrease in the mean graphic problem performance 
score from posttest to retention test. However, these 
differences were not in excess of the table value for t at 



* 
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.05 as reported in Table XI. 

% 

This evidence indicated that neither of the two 
treatment groups had a significantly superior mean reten- 
tion score, in terms of graphic problem solving ability, 
when measured three weeks after treatment. 

Application of the F-test indicated that homogeneity 
of variance existed; therefore, the t-test for the differ- 
ence between uncorrelated mean gains could be employed to 
test the null hypothesis that no significant difference 

existed between the two groups with regard to retention, 

% 

in terms of graphic problem solving ability. In Table XII, 

an analysis of the application of the t-test for retention 

» 

of graphic problem solving ability by differential treat- 
ment is reported. 

The group which experienced the "directed problem 

analysis" approach demonstrated a slight average mean gain 

with regard to graphic problem solving ability between the 

posttest and the retention test, while the group exposed 

to the "conventional approach" evidenced a substantial 

decrease on this variable. However, the computed t-value 

of 1.59 indicated that the difference between the groups 

\ 

with regard to retention scores was not significant at 
the five per cent level of confidence. Hence, the null 
hypothesis (Ho^) of no significant difference between the 
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retention of graphic problem solving ability by students 
who experienced the differential treatments was accepted. 



TABLE XII 



ANALYSIS OF THE DIFFERENCE BETWEEN MEAN GAINS 
ON THE RETENTION TEST OF GRAPHIC PROBLEM 
PERFORMANCE BY DIFFERENTIAL TREATMENT 




SEdm = 5 -50 

df =48. 

t = 1.59* 



*Not significant at the .05 level. 




Informational Achievement . An attempt was made to 
obtain a measure of the retention of informational content 
by students three weeks after experiencing the differential 
treatments. The same instrument was used for the test of 
retention as had been used for the posttest of informa- 
tional achievement. 

An initial 'ht tempt was made to ascertain whether or 
not students who had been exposed to the differential 
treatments demonstrated a capacity to retain related 
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technical information in descriptive geometry. The mean 
scores for the posttest and retention test taken by both 
groups were analyzed using the t-test for correlated means. 
The analysis of posttest and retention test mean scores for 
informational achievement by differential treatment appears 

in Table XIII . 



TABLE XIII 

COMPARISON OF POSTTEST AND RETENTION TEST 
SCORES OF INFORMATIONAL ACHIEVEMENT 

BY DIFFERENT IAL TREATMENT 

Directed Problem Conventional 

Analysis Approact ; — — 

Rot-pntion Retention 
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these differences were not significant at the .05 level of 
confidence . 

In order to test the null hypothesis that no 
significant difference existed between the informational 
achievement retention test scores of students who had 
experienced instruction by the two approaches, the t-test 
for the difference between uncorrelated mean gains was 
employed. This test was appropriate since the application 
of the F-test revealed that the assumption of homogeneity 
of variances had been satisfied. Summary data of the 
t*tfist for the retention of technical information in 
descriptive geometry by differential treatment is shown 
in Table XIV. 



TABLE XIV 



ANALYSIS OF THE DIFFERENCE BETWEEN MEAN GAINS 
ON THE RETENTION TEST OF INFORMATIONAL 
ACHIEVEMENT BY DIFFERENTIAL TREATMENT 



Directed Problem 




Conventional 


Analysis 




Approach 


d = .36 

m 


d- 

m 


= .68 


Sum of d^ = 1,399.99 


Sum 


of d 2 = 1,142.98 



SEdm - 2.08 

df =48. 

t = .16* 



*Not significant at the .05 level. 




Although the TT conventional approach” group evidenced 
a slightly greater average mean gain than the TT directed 
problem analysis” group, the resulting t-value of .16 was 
not in excess of the table value for t at the five per cent 
level of confidence. The null hypothesis (Hoy) of no 
significant difference between the retention of informa- 
tional content by students who experienced instruction by 
the two approaches was accepted. 

Summary 

Data obtained from the total research population 
were analyzed to ascertain whether or not initial differ- 
ences existed between the two treatment groups. The 
primary factors chosen for ascertaining the initial status 

of the groups were! (1) scholastic aptitude, and (2) knowl- 

\ 

edge of drawing related to descriptive geometry. Addi- 
tional initial data were secured for the factors of age 
and semesters of college work completed. 

The t-test for uncorrelated means indicated that no 
significant differences existed between the two groups 
with respect to scholastic aptitude, knowledge of drawing 
related to descriptive geometry, ege, or semesters of 
college work completed. 

Examinations developed by the investigator were used 
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to obtain a final measure of graphic problem solving 
; ability and informational achievement. The space relations 

■ an( j abstract reasoning sections of the Differentia l Aptitude , 

L Tests were selected to obtain initial and final measures of 

v — — 

i spatial perception and abstract reasoning ability. The 

Forms A and B of Returners' Scale for Measuring Attitude 

Toward Any School Subject were used to secure a measure of 
k> initial and final student attitude toward descriptive 

A 

IA 

f- 

t 

‘ geometry. 

i 

Application of the t-test for uncorrelated means to 

|* ' • 

j the posttest results required the acceptance of the null 

| c hypothesis of no significant difference between the two 

groups with regard to graphic problem solving ability and . 

| informational achievement. Null hypotheses Hoj_ and Ho 4 

! were accepted as tenable on the basis of these findings. . 

Using the t-test for uncorrelated means, initial 

Q 

comparisons of pretest mean scores for the two groups 
revealed no significant differences in terms of spatial 
perception, abstract reasoning ability, and student atti- 
tude toward the course. Application of the t-test for 
d correlated means indicated that both treatment groups had 

made significant gains in spatial perception and abstract 
reasoning ability during the experiment. The "conventional 
approach" group was found to have a significantly lower 
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attitude toward descriptive geometry at the conclusion of 
the experiment. The "directed problem analysis" group also 
evidenced a change in attitude, but the change was found 
not to be significant. However, the attitude toward the 
course of both groups had remained favorable. 

The t-test for the difference between uncorrelated 
mean gains was employed to test for differences between 
the two groups in terms of spatial perception and abstract 
reasoning ability. The null hypotheses Ho 2 and H03 were 
accepted as defensible since no significant differences 
were found between the two groups on spatial perception and 
abstract reasoning. Application of the Cochran-Cox t-test 
indicated no significant difference between the treatment 
groups with regard to attitude toward descriptive geometry; 

thus, the null hypothesis H05 was accepted. 

When data relating to the retention of students were 
analyzed, the "directed problem analysis" group demonstrated 
a slight mean gain in graphic problem solving ability while 
the "conventional approach" group evidenced a substantial 
decrease on this variable. However, the t-test of the 
difference between uncorrelated mean gains indicated no 
significant difference between the retention of the two 
groups with respect to graphic problem solving ability. 

No significant difference was found between the retention 
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of the treatment groups in terms of informational achieve- 
ment. These findings led to the acceptance of null 
hypotheses Ho^ and Hoy. 

On the basis of the findings of this study, the 
research hypotheses that: (1) selected elements of descrip- 

tive geometry could be taught more effectively, in terms 
of student behavioral changes, by the directed problem 
analysis approach, and (2) the retention of selected elements 
of descriptive geometry would be superior for students 
experiencing the directed problem analysis approach, were 
rejected. 






CHAPTER V 



SUMMARY, CONCLUSIONS, IMPLICATIONS, AND 
PROBLEMS FOR FURTHER STUDY 

The purpose of this study was to ascertain whether 
or not students who had received instruction in descriptive 
geometry by a directed problem analysis approach were able 
to attain significantly greater levels of competence than 
students who had received instruction by a more conven- 
tional approach. 

More specifically, the study sought answers to the 
following questions: 

1. Do the instructional approaches significantly 
affect student performance in the solution of 
graphical problems in descriptive geometry. 

2. Do the instructional approaches significantly 
affect student ability to visualize spatial 
relationships ? 

3. Do the instructional approaches significantly 
affect student ability to reason abstractly? 

4. Do the instructional approaches significantly 
affect student achievement relative to tech- 
nical information in descriptive geometry? 

5. Do the instructional approaches significantly 
affect student attitude toward the course? 

The research hypotheses tinder consideration in this 
study were: (1) that selected elements of descriptive 



geometry could be taught more effectively, in terms of 
student behavioral changes, by the directed problem 
analysis approach, and (2) that the retention of selected 
elements of descriptive. geometry would be superior for 
students experiencing the directed problem analysis 
approach than for those experiencing a more traditional 

approach • 

The first research hypothesis was tested by accept- 
ing or rejecting the following null hypotheses: 

Ho : No significant difference exists between 

1 the graphic problem solving ability of 
students who experience the directed problem 
analysis approach and the graphic problem 
solving ability of students who experience 
the conventional approach. 

Ho 0 : No significant difference exists between 

2 the spatial perception of students who 
experience the directed problem analysis 
approach and the spatial perception of 
students who experience the conventional 
approach . 

Hoo : No significant difference exists between 

3 the abstract reasoning ability of students 
who experience the directed problem analysis 
approach and the abstract reasoning ability 
of students who experience the conventional 



Ho, : No significant difference exists between 

4 informational achievement of students who 
experience the directed problem analysis 
approach and the informational achievement 
of students who experience the conventional 
approach . 
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Ho : No significant difference exists between 

5 the attitude toward the course of 
students who experience the directed 
problem analysis approach and the 
attitude toward the course of students 
who experience the conventional approach. 

The second research hypothesis was tested by accept 
ing or rejecting the following null hypotheses: 

Ho*: No significant difference exists between 

6 the retention, in terms of graphic 
problem solving ability, of students 
who experience the directed problem 
analysis approach and the retention of 
students who experience the conventional 
approach as measured three weeks after 
treatment • 

Ho-,: No significant difference exists between 

' the retention of cognitive content of 
students who experience the directed 
problem analysis approach and the reten- 
tion of students who experience the 
conventional approach as measured three 
weeks after treatment. 

The study was conducted as a controlled experiment 
involving two groups of students enrolled in ME 10 Descrip- 
tive Geometry in the Department of Mechanical Engineering, 

University of Missouri - Columbia. 

The researcher acted in a coordinating capacity 

during the course of the investigation, but was not 
directly involved in teaching either of the two treatment 
groups. Students registered for the course and were 
assigned to the sections according to the availability of 
space. The differential treatments were randomly assigned 
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to the sections and the experimental period was limited to 
eight weeks. The research procedure followed was to 
pretest the groups, apply the treatments to the groups, and 
posttest to ascertain the effects of the treatments. . 
Measures of retention were secured for the total research 
population three weeks after treatment. Appropriate 
variations of the t-test were the statistical techniques 
utilized in testing the null hypotheses. 

Summary 

In this two-group controlled experiment a quasi - 
experimental research design was employed in the comparison 
of the relative effectiveness of two approaches to the 
teaching of selected elements of descriptive geometry. All 
factors with the exception of the selected laboratory 
approaches to teaching descriptive geometry were held 
constant or controlled insofar as was possible. 

The two approaches to teaching selected elements of 
descriptive geometry used in this study were the "directed 
problem analysis approach" (Approach A) and the "conven- 
tional approach" (Approach B) . 

The population participating in the study included 

fifty-two students enrolled in two sections of ME 10 
Descriptive Geometry, a course offered in the College of 
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Engineering at the University of Missouri - Columbia during 
the fall semester of the 1967-1968 school year. There were 
twenty-eight students included in the section which 
utilized Approach A (directed problem analysis) and twenty- 
four students were in the section which employed Approach B 

(the conventional approach) . 

The instructional content of ME 10 Descriptive 
Geometry was considered to be representative of a basic 
course in this subject. The textbook, homework and labora- 
tory work sheets, laboratory schedule, composite outline 
by period, and homework assignment sheets were identical 
for both groups. In addition, both sections were taught 
by the same instructor. 

All students included in the study received their 
instruction in the same laboratory, had access to similar 
equipment, and attended the same one-hour weekly lectures. 
The physical facilities utilized in the experiment were 
equal for both sections, insofar as the researcher could 
ascertain. 

This study was an attempt to compare the relative 
effectiveness of two approaches to teaching selected 
elements of descriptive geometry. Assessment was accom- 
plished through a comparison of the following student 
behavioral variables * (1) performance in the solution 




iwhdfr n ri n-i tr !rr 1' xx. *, 




o 



of graphical problems, (2) spatial perception, (3) abstract 
reasoning ability, (4) technical information achievement, 
and (5) student attitude toward descriptive geometry. 

It was essential to test for the initial status of 
both groups before any differences in results could be 
attributed to the differential treatments. The primary 
factors selected for ascertaining initial status of the 
groups were: Cl) scholastic aptitude, and C2) knowledge 

of drawing related to descriptive geometry. Additional 
data relative to the factors of age and semesters of 
college work completed were secured. Initial measures were 
also obtained for the criterion variables of spatial 
perception, abstract reasoning, and attitude toward descrip 

tive geometry. 

The several standardized instruments utilized to 
measure scholastic aptitude, knowledge of drawing related 
to descriptive geometry, and attitude toward the course 
were the Cooperative School and College AMjy.tY Test ( SCAT ) 
Blum T s Compr ehens ive General Drafting Examine t i on , and 
Remmers T Scale for Measuring Attitude Toward Any School 
Subject . The space relations and the abstract reasoning 
sections of the Differential Aptitude Tests ( DAT ) , Form L, 
were used to obtain a measure of spatial perception and 
abstract reasoning ability. Data regarding the students T 



age and semesters of college work completed were secured 
from an information form included as a part of the attitude 
scale answer sheet. Accuracy of this information was 
verified by a random check of the student's permanent 
records and of student information forms on file with the 

engineering graphics supervisor. 

Since no applicable standardized tests were avail- 
able, the criterion variables of graphic problem solving 
ability and informational achievement required the use of 
teacher-constructed examinations. A panel of three 
experienced teachers of descriptive geometry judged both 
examinations to be valid. 

The objective-type of informational achievement test 
exhibited a reliability index of .96 for the combined 
groups. The laboratory instructor administered the tests 
of graphic problem performance and informational achieve- 
ment at the close of the experimental period. 

In an attempt to obtain a measure of retention in 
terms of technical information, the same informational 
achievement test was readministered to both groups three 
weeks after treatment. At an interval of three weeks 
following the treatment, a test similar, but not identical 
to the posttest of performance was administered to both 
groups to ascertain the degree of retention on this 
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variable. Validation procedures for the retention test 
were identical to those applied to the posttest of perform 
ance. Both the posttests and retention tests of performance 
were eval ua ted by three experienced drafting instructors at 
the University of Missouri - Columbia. The investigator, 
aided by an instructor of drafting at the University, 
evaluated the posttests and retention tests of informational 
achievement . 

All other examinations and quizzes were administered 
under the supervision of the investigator or the laboratory 
instructor of descriptive geometry with the exception of 
the Cooperative School and College Ability Test , which was 
administered and scored by the Testing and Counseling 
Service of the University of Missouri - Columbia. 

A composite outline and a homework assignment 
schedule were provided to each student in order to minimize 
instructional differences. All laboratory assignments, 
quizzes and major examinations were set forth in a detailed 
laboratory schedule to further insure uniformity in the 
presentation of instructional content. An experienced 
professor of engineering graphics conducted the weekly 
common lectures which were supplemented with a comprehen- 
sive series of correlated film slides. 

The laboratory experiences of both groups were 
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supervised by an experienced instructor. The investigator 
worked closely with the instructor and supervisor of 
engineering graphics to insure proper implementation of the 

differential treatments. 

Students who were exposed to the "directed problem 
analysis" approach attempted to identify and order, in 
writing, the constituent factors inherent in the assigned 
problems prior to attempting accurate solutions. Simple 
illustrative sketches of tentative solutions were encour- 
aged to supplement the analysis procedure. 

In the section employing the "conventional approach" 
students attempted accurate solutions to the problems under 
consideration without the aid of a preliminary, structured, 

written or graphical analysis. 

Students in both groups were held responsible for 
all lecture information, discussion, and assigned readings. 
Both groups were assigned identical laboratory problems and 
these were graded using a uniform marking system. The 
regular instructional program called for the administration 
of one unit examination and several quizzes during the 
experimental period. 

Records maintained by the experimenter included the 
attendance of all students as well as grades on required 
quizzes, major examinations, and required laboratory 
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assignments . 

Data obtained from the total research population 
were analyzed to ascertain whether or not initial differ 
ences existed between the two groups. Scholastic aptitude 
and knowledge of drawing related to descriptive geometry 
were the primary factors chosen for ascertaining the 
initial status of the groups. Initial data were also 
secured for the factors of age and stutters of college 

work completed. 

The t-test for uncorrelated means indicated that no 
significant differences existed between the two groups with 
respect to scholastic aptitude, knowledge of drawing related 
to descriptive geometry, age, or semesters of college work 

completed . 

Examinations developed by the investigator were used 
to obtain final and retention measures of graphic problem 
solving ability and informational achievement. Initial and 
final measures of. spatial perception, abstract reasoning 
ability, and student attitude toward descriptive geometry 
were secured through application of the space relations and 
abstract reasoning sections of the Different ial Aptitude 
Tests a nd Forms A and B of Remmers* Scale for Measurin g 

Attitude Toward Any School Subjec t. 

The differences between the two instructional 
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approaches, with regard to the criterion variables of 
graphic problem solving ability and informational achieve- 
ment, were ascertained through application of the t-test 
for uncorrelated means. The null hypothesis of no signifi- 
cant differences between the two approaches was accepted 
with regard to the graphic problem solving ability and the 
informational achievement of the total research population 
of the study. Null hypotheses H 0;L and Ho 4 were accepted 

on the basis of these findings. 

Utilizing the t-test for uncorrelated means, initial 

comparisons of pretest mean scores for the two groups 
revealed no significant differences with respect to spatial 
perception, abstract reasoning ability, and student attitude 
toward the course. The t-test for correlated means indi- 
cated that both treatment groups had made significant gains 
in spatial perception and abstract reasoning ability during 
the experiment. At the conclusion of the experiment, the 
"conventional approach" group exhibited a significantly 
lower attitude toward descriptive geometry. Although the 
"directed problem analysis" group also evidenced a change 
in attitude, the change was found not to be significant. 

The attitude toward the course of both groups had remained 

favorable . 

A t-test for the difference between uncorrelated 
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mean gains indicated no significant differences between the 
two groups in terms, of spatial perception and abstract 
reasoning. Hence, the null hypotheses Ho 2 and Ho 3 were 
accepted. Application of the Cochran-Cox t-test indicated 
no significant difference between the treatment groups with 
regard to attitude toward descriptive geometry; thus, the 

null hypothesis H05 was retained. 

When data relating to the retention of students were 

analyzed, the "directed problem analysis" group demon- 
strated a slight average mean gain in graphic problem 
solving ability while the "conventional approach" group 
evidenced a substantial decrease on this variable. Both 
groups evidenced a slight increase in the mean informa- 
tional achievement score from posttest to retention tesu. 
However, the t-test of the difference between uncorrelated 
mean gains indicated no significant differences between the 
retention of the two groups with regard to graphic problem 
solving ability and informational achievement. These 
findings led to the acceptance of null hypotheses Ho 6 and 

Ho 7 . 

On the basis of the findings of this study, the 
research hypotheses that: (1) selected elements of 

descriptive geometry could be taught more effectively, in 
terms of student behavioral changes, by the directed 
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problem analysis approach, and (2) the retention of 

* 

selected elements of descriptive geometry would be superior 
for students experiencing the directed problem analysis 
approach, were rejected. 

Conclusions 

To the extent that the data and findings resulting 
from the research procedure employed in this study are 
valid and representative of descriptive geometry students 
on the college level, the following conclusions may be 
drawn: 

An approach to teaching selected elements of 
descriptive geometry which would contribute to the devel- 
opment of significantly superior graphic problem solving 
ability has not emerged from either of the two approaches 
employed in this investigation. 

Both approaches to teaching selected elements of 
descriptive geometry resulted in significant gain in 
spatial perception and abstract reasoning ability by the 
students. Therefore, either approach could be expected 
to provide an opportunity for college level students in 
descriptive geometry to improve their spatial perception 
and abstract reasoning ability. 

The two approaches to teaching selected elements of 
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descriptive geometry resulted in similar gain in informa- 
tional achievement by the students included in this study. 
Hence, it appears that either approach would be equally 
effective in promoting the informational achievement of 
college level descriptive geometry students. 

Although the "conventional approach" evidenced a 
significantly lower attitude toward the course at the 
conclusion of the experiment than initially, students in 
both treatment groups maintained a favorable attitude 
toward descriptive geometry. Neither of the laboratory 
approaches investigated in the study appears to be more 
effective than the other in terms of influencing student 

attitude toward descriptive geometry. 

The "directed problem analysis" approach produced 

a slight mean gain in graphic problem solving ability, 
whereas the "conventional approach" evidenced a decrease 
on this variable from posttest to retention test. However 
the study failed to reveal a significantly superior 
approach for improving student retention with regard to 
the ability to solve graphic problems in descriptive 

geometry . 

Neither of the two laboratory approaches explored 
in this study appears to be more effective than the other 
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in terms of increasing student competency to retain tech- 
nical information content in descriptive geometry. 

Since the observed student behavioral changes and 
the retention of selected elements of descriptive geometry 
were not significantly affected by the instructional 
approach, neither of the two approaches to teaching selected 
elements of descriptive geometry, as presented in this 
investigation, is judged to be superior to the other. 

Inasmuch as both approaches investigated in the 
study contributed positively to student achievement, draft- 
ing instructors need not hesitate to use either approach 
in the teaching of descriptive geometry. 

Implications 

In view of the findings and conclusions of this 
study, the following implications appear to be in order: 

Since student attitude and the retention of graphic 
problem solving ability were affected positively by the 
"directed problem analysis" approach, and since the decrease 
in attitude between pretest and posttest was not signifi- 
cant, instructors of descriptive geometry may wish to make 
increased use of this laboratory approach in their classes. 

Since neither of the approaches explored in the 
study was found to produce superior student achievement. 
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additional research should be undertaken in an effort to 
identify, compare, and evaluate the relative effectiveness 
of other instructional approaches in descriptive geometry. 

Authors, publishers, and supervisors of engineering 
graphics programs in schools and colleges may wish to 
advocate increased use of the "directed problem analysis" 
approach since it appears to be as effective as the 
"conventional approach" now employed by many instructors 

In the field. 

Descriptive geometry teachers, department heads j 
authors and publishers may wish to produce completed 
analyses of graphic problems presented in textbooks and 
workbooks as an aid to classroom instruction. 

Although the "directed problem analysis" approach 
did not result in superior student behavioral changes or 
retention in descriptive geometry, it might be well to 
apply this approach in other disciplines to facilitate 
observation of its affect on student achievement. 

Problems for Further Study 

During the course of this study, a number of related 
problems of sufficient merit to warrant investigation 

presented themselves. They are as follows: 

1. What approach to teaching descriptive geometry 
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would be most effective for technical school students? 
Junior college students? Vocational school students? High 
school students? 

2. Would a replication of this study with a longer 
period devoted to investigation result in significant 
differences in terms of student behavioral changes and 
retention? With a larger research population? With more 
and/or different descriptive geometry principles? 

3. Can a standardized performance test be developed 
in descriptive geometry with a reasonable time allowance 
for administration and evaluation? A technical information 
test? 

4. Would a problem analysis approach influence 
student achievement in a beginning drafting course? 

5. What approach to teaching descriptive geometry 
would result in optimum utilization of time required to 
solve graphic problems? 

6. What approach to teaching descriptive geometry 
would be most effective for students with varying degrees 
of ability? 

7. Would an integrated course in engineering 
drawing and descriptive geometry be more effective with 
regard to student behavioral changes, than a separate 
course in descriptive geometry? 




8. Would unsupervised laboratory periods rather 

- j 

than the controlled laboratory be more effective in teach- 
ing descriptive geometry? 

9. What factors within the approach to teaching 

descriptive geometry influence student retention? 

10. What elements in a course cause a change in 
student attitude from pretest to posttest? 
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